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THEORY, OPERATION, AND DISORDERS 


INTRODUCTION 


1. Development of Injector—Among the inventions of the 
nineteenth century, none were of a more ingenious nature than 
that of the injector for feeding water to boilers, by Henry J. 
Gifford, the eminent French engineer and scientist, BL) obtained 
his first patent on this device in 1858. 

The property of a moving jet of steam to raise water and 
convey it from one place to another was known and utilized long 
before this date, so that strictly speaking he was not the original 
inventor of steam-jet instruments in general. What he really 
invented or discovered was the detail of the overflow space 
which for boiler-feeding purposes is invaluable and which is 
usually located between the discharge end of what is termed the 
condensing nozzle and the receiving end af what is known as the 
delivery nozzle. 

In starting an injector, more water may enter the instrument 
under certain conditions than the injector is capable of deliver- 
ing against the steam pressure in the boiler, and if it were not for 
the overflow, which permits the surplus water to escape until 
the jet obtains sufficient velocity ta enter the boiler, a back pres- 
sure would be produced by the stowing of the water in the 
nozzles, which would disrupt the continuity of the jet and pre- 
vent the prompt starting of the injector, This disruption of the 
jet, popularly termed the breaking of the injector, may be 
observed where the overflaw pipes are toa small or have sharp 
bends which do not allaw a ready outflow of the water, ar 
where the overflow passages of the instrument itself are 
obstructed hy incrustation, or from other cattses, 
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The practical utility of the injector, the convenience of its 
installation, its simplicity and reliability as a boiler feeder, were 
quickly recognized. Improvements in the general design and 
in the constructive details of the nozzles and operating mechanism 
rapidly developed, so that today the manufacture of injectors 
forms a conspicuous branch of industrial activity.* 


2. Purpose of Injector—A locomotive injector is a device 
for supplying feedwater to a locomotive boiler. It is a type of 
pump in which the actuating steam is condensed and which is 
capable of placing water under pressure without the employment 
of any moving parts. Although an injector performs the same 
function as a pump, it does so in a different manner. With a 
pump, the water pressure is developed by the action of steam 
upon two pistons. With an injector, the water in the delivery 
pipe is placed under pressure by the impact of a jet of water 
discharging from the injector at a high velocity but at a pressure 
less than that of the atmosphere. The action of this jet of water 
may be compared to a piston, pressing forward continuously 
on the rear of the water in the delivery pipe. 


3. Atmospheric Pressure.—The pressure of the atmosphere 
enters into the operation of a lifting injector, hence an explana- 
tion of the term atmospheric pressure is necessary. The air 
that forms the atmosphere surrounding the earth has weight, 
even though it appears to be so light. The atmosphere is esti- 
mated to be about 15 miles high, becoming lighter and rarer on 
the tops of high mountains. If it were possible to enclose a 
column of this air measuring 1 square inch and 15 miles high, 
and weigh it, the weight would be about 14.7 pounds; in other 
words, the pressure of this column of air on the square inch of 
surface on which it rests would be 14.7 pounds. Hence, it is 
customary to say that the atmosphere exerts a pressure of 14.7 
pounds per square inch on every square inch of surface of the 
earth, as well as on all objects at or near the earth’s surface. 
This value, 14.7 pounds per square inch, is known as the atmos- 
pheric pressure at sea level. On the tops of mountains, the 
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pressure is less, because there is less air above those points to 
produce pressure. 


4, The fact that the atmosphere has weight and causes 
pressure on the earth may be demonstrated by using the appara- 
tus shown in Fig. 1. A glass tube about 32 inches long, closed 
at one end, is filled with quicksilver, or mereury. The tube is 
then inverted and the end is placed in a cup half-filled with 
mercury. Part of the mercury will run out of the tube into the 
cup, but not all of it; and if the distance 
from the surface of the mercury in the 
cup to the surface of the mercury in the 
tube is measured, it will be found to be 
30 inches. The mercury stands at this 
height because of the pressure of the at- 
mosphere on the surface of the mercury 
in the cup. 

The mercury tends to run down out of 
the tube and thus raise the level in the 
cup; but the atmosphere exerts a pressure 
on the surface of the mercury in the cup. 
This pressure prevents the mercury in the 
cup from rising, and so balances the down- 
ward pressure of the mercury in the tube. 
Suppose that the tube measures 1 square 
inch in area, inside; then as the mercury 
stands at a height of 30 inches, there are 
30 & 1 = 30 cubic inches of mercury in 
the twhe above the level in the cup. A 
cubic inch of mercury weighs 49 pound, and so 30 eubic inches 
weigh 30 & 49 = 14.7 pounds. Vherefore, the column of mer- 
cury in the tube exerts a downward pressure of 147 pounds 
per square inch, which tends to raise the level in the cup. The 
atmosphere exerts an equal pressure of 14.7 pounds per square 
inch on the surface of the mercury in the cup and prevents it 
from rising. The two forces are therefore balanced, and 
the column of mercury remains in the glass tube at a height of 
30 inches. 


Fic. 1 
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5. Vacuum—Definition and Measurement.—A vacuuin is a 
space in which there is no pressure, but the term is also commonly 
used to designate any pressure below that of the atmosphere, or 
14.7 pounds per square inch. One method of obtaining a vacuum 
is to pump the air out of a closed vessel by means of a vacuum 
pump, but a perfect vacuum can never be obtained by this means. 


Fic, 2 


The amount of vacuum obtained in any vessel may be 
measured by means of a column of mercury, as will be explained 
by referring to Fig. 2, which illustrates a vacuum pump. This 
pump is very similar to a small force pump, except in the 
arrangement of the valves a and b. Ina force pump, the posi- 
tions of these valves on the piston and cylinder walls would be 
interchanged. The pump communicates through the pipe ¢ with 
an air-tight vessel 2 that opens to the atmosphere through the 
cock d. The glass tube 3 is more than 30 inches long and is 
closed at one end. The tube has been filled with mercury, then 
inverted, and after that placed in the mercury ¢. Now if the 
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cock d is opet so that the vessel 2 is filled with air at atmospheric 
pressure, the pressure on top of the mercury, will hold the latter 
up to a height of about 30 inches. If the cock d is then closed 
and a part of the air is pumped out of the vessel, the air that 
remains will exert less pressure on the mercury, so that the 
column in the tube will fall from 30 inches to a height that 
corresponds to the pressure in the vessel. If more air is pumped 
out, the height of the column will also be lowered more, and, if 
all the air is removed from the vessel and a perfect vacuum 
exists therein, the mercury in the tube will drop to a level with 
the mercury @. 

In the same way the water is raised from a tank to a lifting 
injector by the action of atmospheric pressure and a vacuum, A 
vacuum forms in the injector when it is being started and while 
it is in operation ; the greater pressure of the atmosphere on the 
surface of the water in the tank then forces the water up into 
the injector, where the pressure is less. 


6. Measuring Air Pressure in a Vacuum.—The amount of 
the vacuum that exists in any space is ustally expressed in the 
number of inches the mercury falls when connected to such a 
space, ‘Thus, if the mercury has fallen 20 inches from its 
original height, the vacuum in the vessel is said to amount to 
20 inches of mercury, or to 20 inches. The height at which the 
column stands merely indicates the extent of reduction in the 
pressure in the vessel; the actual pressure that exists there can 
be understood from the following: A vacuum of 20 inches means 
that the pressure has heen reduced enough to support a column 
of mercury 20 inches high. Since a column of mercury f inch 
high and one square inch in area is equivalent to a pressure 
of 49 pound per square inch, 20 inches of mereury corresponds 
to a reduction of pressure of 20 * 49, or 9.8 pounds below 
atmospheric pressure. Hence the pressure in the vessel is 
14.7 — 9.8, or 4.9, pounds per square inch. 

The usual method of measuring a vacuum is hy means of a 
vacuum gage. The dial is usually marked to read in inches of 
mercury, although some are marked to read in pounds per 
square inch. Pressure measured above a perfect vacuum or 
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above an absolute zero of pressure is called absolute pressure, 
hence the pressure just determined is referred to as 4.9 pounds 
absolute pressure. 


7. Absolute Pressure and Gage Pressure.—The ordinary 
steam gage and air gage register pressures above that of the 
atmosphere, that is, the starting point on such gages is atmos- | 
pheric pressure. Hence, to change gage pressure into absolute 
pressure, add the pressure of the atmosphere to the gage pres- 
sure. To change from absolute pressure to gage pressure, sub- 
tract the pressure of the atmosphere from the absolute pressure. 
A gage pressure of 200 pounds to the square inch is equal to an 
absolute pressure of 214.7 pounds per square inch, and an 
absolute pressure of 250 pounds per square inch is equal to a 
gage pressure of 235.3 pounds per square inch. 


8. Heat and Work.—The work performed by steam when 
moving a locomotive or operating an injector should not be 
ascribed to the pressure of the steam but rather to its heat, 
which is the term applied to the extremely rapid vibration of the 
steam particles. It is the movement of these particles that 
restilts in pressure; hence any device that employs steam in the 
performance of work is a heat engine. Steam can be made to 
do work by two methods: (1) by means of a suitable arrange- 
ment of cylinders, pistons, and valves as with a steam locomotive ; 
(2) by means of the steam turbine. By the first method, the 
steam is admitted to the cylinders and owing to the intense 
vibration of its particles exerts a pressure on the pistons, which, 
in the case of a locomotive, causes it to move and develop a pull 
at the drawbar. With a steam turbine an extremely high 
velocity but a low pressure is imparted to the steam by passing 
it through suitably designed nozzles. When directed against 
the vanes on the turbine wheel, the movement of the steam 
particles is retarded; hence a pressure is developed against the 
vanes which causes the wheel to turn. Owing to its compact 
design and great economy, the turbine engine has almost entirely 
supplanted the reciprocating engine in large power plants. The 
steam nozzle of an injector is similar in design to those found in 
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a steam turbine, but with an injector the steam, after leaving 
the nozzle, condenses and imparts a high velocity to a column of 
water. Then by retarding the velocity of this water, its pressure 
increases enough to overcome boiler pressure. 


FLOW OF STEAM THROUGH NOZZLES 


9. Velocity Affected by Shape of Nozzle—The steam 
nozzle may be regarded as the engine of the injector, because 
it is in this nozzle that the force is developed to place the water 
under pressure. The steam after passing through the nozzle of 
an injector must not be considered as being in the same state 
as when leaving the boiler. The condition of the steam changes 
and it is this change that is responsible for the action of the 
injector. Instead of being at boiler pressure, the pressure of the 
steam on Jeaving the nozzle is not much above the pressure of the 
atmosphere, but its velocity is greatly increased and it is on this 
change in the condition of the steam that the operation of the 
injector depends. Much of the difficulty in understanding the 
action of an injector is due to a failure to recognize the real 
function of the steam nozzle, namely, that its design is such as 
to convert steam at a high pressure and a low velocity into steam 
at a low pressure and a high velocity, The other nozzles or 
tubes in the mjector are merely supplementary; the secret of 
the operation of an injector lies in its steam nozzle. 


10. The illustrations in Figs. 3, 4, and 5 are designed to 
show how the pressure and the velocity of steam are affected 
by the shape of the nozzle through which it is flowing. The 
converging tube, Fig. 3, is similar to the carliest form of steam 
nozzle used with an injector and was patterned after the correct 
shape of nozzle required to impart a high velocity to a jet of 
water. It was probably employed with the idea that the shape 
of nozzle necessary to produce a jet of water at a high velocity 
would work equally well with steam. Tfowever, this is not the 
case, because a converging nozzle permits the steam to swell 
out or expand in diameter, as shown, instead of compelling it 
to expand in the direction of motion so that the steam escapes 
at the nozzle tip with a pressure much greater than that of the 
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surrounding atmosphere, as indicated by the swelling of the jet 
just beyond the nozzle. If the steam escaped at the same pres- 
sure as the atmosphere, the jet would be straight-sided ; and if at 
a lower pressure, it would become narrower otttside the tip, as 
the atmosphere would press in on it. 


I 


Cylindrical or Convergent 
Fra, 3 


Divergent Curve 
Fig. 4 


Divergent Taper 

From “Practice and Theory of Injectors,” by permission of S. L. Kneass. 

Fie. 5 

It was not until eleven years after the invention of the injector 
that a nozzle was designed that would expand the steam in the 
direction of its motion and hence greatly increase its velocity, 
instead of permitting diametral expansion beyond the nozzle tip 
as with the converging type. Such a nozzle is shown in Fig. 4, 
in which the bore diverges or grows larger in a curved line 
toward the outlet, although ordinarily, owing to the difficulty of 
manufacturing, the nozzle is made with a straight taper as shown 
in Fig. 5. However, this type of nozzle does not expand the 
steam quite so perfectly as the one shown in Fig. 4. For high 
boiler pressures, the flare of the steam nozzle is lengthened to 
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provide for the required expansion of the steam; the bore of the 
nozzle is not generally made any larger. 


11. Explanation of Increased Velocity—The action that 
follows when steam passes through a divergent nozzle with a 
curved taper can be more easily understood by considering Fig. 6. 
The nozzle is assumed to be divided into a great number of 
zones, a, 0, c, etc., in which, owing to their gradually increasing 
cross-sectional area, the steam in its passage through the nozzle 
undergoes a continual expansion; hence the temperature, and 
consequently the pressure of the steam are progressively lowered. 
This results in the steam particles passing from zone to zone at 
an ever-increasing velocity until near the end.of the nozzle the 
steam is moving at a velocity about eight times greater than the 
velocity at which it enters the nozzle but at a pressure no higher 
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than that of the atmosphere, as indicated by the fact that the 
broken lines that show the flow of the steam particles are all 
parallel. This means that a steam gage would indicate no pres- 
sure if it were tapped into the side of the nozzle near the tip. 

With a steam pressure of 200 pounds per square inch, the 
velocity of the steam at the entrance to the nozzle is about 500 
feet per second, At the throat or narrowest section, the velocity 
is about 1,650 feet per second, and as the expansion of the steam 
continues the velocity increases until, at the outlet, the steam jet 
is moving at a speed of about 3,850 feet per second and at a 
pressure equal to about that of the atmosphere. 


GENERAL OPERATION OF INJECTOR 


12. Conventional Arrangement.—The diagram in Fig. 7 
(@) is a conventional view of a lifting injector and its related 
parts; that is, it is a sketch of the essential parts, but not an 
accurate illustration of the relative sizes and arrangement of those 
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parts. An enlarged view of the injector tubes is shown in (b). 
An injector is made up of the following principal parts: A 
steam nozzle a, a combining tube b, and a delivery tube d, con- 
tained within the body shown, and certain valves to control the 
flow of steam and water. The opening e between the tuhes b 
and d opens into a chamber ¢’ surrounding the tubes, and this 


Beeman TTI 


(a) 
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chamber is fitted with an overflow valve f that opens communica- 
tion with outer air by way of the fitting g. Steam is led to the 
injector from the boiler k by the pipe 7, the flow being controlled 
by a valve j connected to the handle k. The water supply is 
contained in a tank J and is drawn into the injector by way 
of the pipe m and the opening c. The check-valve o allows water 
discharged from the injector to enter the boiler through the 
delivery pipe p, but prevents any flow in the opposite direction. 
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13. Operation—The precise action that occurs in the noz- 
gle a has already been fully explained and therefore does not 
require further mention, 

To operate the injector, the handle k, Fig. 7 (a), is pulled 
back: so as to open the steam valve 7 only slightly, thus admitting 
a small quantity of steam to the nozzle a. This steam passes 
through the combining tube } into the delivery tube d, and the 
delivery pipe, and meets the closed check-valve 0, which it 
cannot move. The steam then passes out through the opening ¢ 
into the chamber ec’, lifts the overflow valve f, and escapes inte 
the atmosphere. In flowing through the combining tube, how- 
ever, the steam draws with it the air in the tuhe and in the pipe 
jm, thus a vacuum is created inside the pipe. The pressure of 
the atmosphere on the surface of the water in the tank 7 then 
forces the water up into the pipe a and through the opening ¢ 
into the combining tube. The steam now meets the water and 
is condensed, giving up part of its velocity to the water; but as 
the flow of steam is very small, the jet of water has insufficient 
velocity to build up pressure enough to open the check-valve. 
As a result, this water flows to the atmosphere by way of the 
opening ¢ and the overflow valve f. When water appears at 
the opening g, the injector is said to be primed. 


14. As soon as the injector has been primed, as indicated 
by the appearance of water at the overflow g, Fig. 7 (a), the 
valve j is opened wide, admitting steam at full boiler pressure to 
the nozzle a. The steam expands in this nozzle to approximately 
atmospheric pressure, with a great increase in velocity, exactly 
as already explained, In the combining tube the jet of low~- 
pressure steam at high velocity strikes the water, picks it wp and 
carries it along at increasing speed, the steam being condensed 
at the same time. The jet of water discharging from the com~ 
bining tube leaps the gap e with no tendency to spill out because 
the pressure of the jet cannot be more than that of the steam, 
which is equal to or less than that of the atmosphere. The 
water next fills the delivery tube and the delivery pipe, where it 
meets the closed check-valve o and stops. 
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But the column of water in the delivery tube is now being 
pushed from the rear and compressed by a jet of water from 
the combining tube, moving at a velocity of about 190 feet 
per second. This jet of water exerts no pressure against the 
sides of the tube because the movement of all the particles of 
the water is forwards. Also, on account of its high velocity, 
the jet has somewhat the nature of a solid instead of a liquid 
and may be compared to a piston pressitig on the water. The 
result is that the water in the delivery pipe is compressed and 
increases sufficiently in pressure to force open the boiler check 
and enter the boiler. The interval between the priming of an 
injector and the opening of the boiler check is very brief; the 
actions described in the foregoing operation of an injector occur 
almost in an instant. Injectors are designed to compress the 
water to about 10 per cent higher than the boiler pressure, 


15. Summary.—A brief summary of the operation of an 
injector follows: The steam nozzle is designed to impart an 
extremely high velocity to the steam, which through condensa- 
tion imparts considerable velocity to the water in the combining 
tube; the jet of water from this tube, impinging against the more 
slowly moving water in the delivery tube, raises the pressure 
of the water in the delivery pipe above the boiler pressure. 


16. Development of Pressure—The reason why the jet 
of water, discharging at a high velocity from the combining 
tube at a low pressure, develops a high pressure is that 
the jet encounters resistance when directed against the column 
of water in the delivery tube and delivery pipe; the pressure of 
this water will then be increased by the impact. If it were not 
that the water in the delivery pipe offers resistance to movement, 
there would be but little increase in the pressure. That is, if the 
end of the delivery pipe were open to the atmosphere, very little 
pressure would he developed in the pipe. The same would be true 
of a pump, which would not place water under pressure unless 
the water in the discharge pipe offered resistance to the move- 
ment of the pistons. When starting the injector, the water in 
the delivery pipe offers resistance to the movement of the jet by 
stopping momentarily. When the injector is in operation a resis- 
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tance is set up to the movement of the jet by the water in the 
delivery pipe moving more slowly than in the injector owing to 
the boiler check, the opening of which is resisted by boiler 
pressure. Also, the opening through the check-valve is always 
smaller than the cross-sectional area of the delivery pipe, thereby 
further restricting the movement of the water and causing its 
pressure to increase. Ordinarily the pressure in the delivery 
tube rises from a pressure of about 13 pounds absolute, or about 
2 pounds less than the pressure of the atmosphere at the rear 
end of the tube, to a pressure of about 220 pounds per square 
inch at the front end of the tube and in the delivery pipe. 


17. Pressure in Combining Tube.—On leaving the steam 
nozzle and meeting the water in the rear end of the combining 
tube, the steam has a high velocity but a pressure equal to about 
that of the atmosphere, which is reduced by condensation to about 
4 pounds, absolute, corresponding to 22 inches of vacuum. As 
the steam moves forward in the combining tube, the pressure of 
the water rises, until, at the smallest part of the tube, the pres- 
sure is about 13 pounds, absolute, corresponding to about 4 
inches of vacuum. The reason for this increase in pressure is 
that the greater part of the condensation occurs in the rear end 
of the combining tube, with a corresponding increase in the 
temperature of the water; hence, the remainder of the steam 
condenses more slowly as the steam moves forward in the tube, 
and its pressure approaches more nearly to its original or atmos- 
pherie pressure. 

That the pressure in the combining tube has less lateral or 
side pressure than that of the atmosphere can be demonstrated by 
removing the overflow valve from an injector. The water 
can then be observed flowing past the openings in the combining 
tube without spilling out, which shows that the atmospheric 
pressure on the outside of the tube is more than the pressure of 
the water on the inside. Also, air will be drawn through the 
overflow valve into the injector, a further proof of a pressure less 
than that of the atmosphere inside of the tube. 

18. Changing from Velocity to Pressure—The delivery 

“tube has a gradual expanding taper toward the delivery pipe, 
soaD—2 
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because if the high-velocity water from the combining tube were 
permitted to discharge directly against the more slowly moving 
water in the delivery pipe, the result would be violent swirls and 
eddies in the water that would react on the entering water and 
either reduce the efficiency of the injector or prevent it from 
operating. Such an action can be prevented by changing from 
velocity to pressure gradually and this is accomplished by 
expanding the bore of the delivery tube towards the delivery 
pipe. This construction lessens the velocity of the water more 
slowly than otherwise and so brings about a gradual equalization 
of velocities between the fast moving water in the combining 
tube and the slower moving water in the delivery pipe. The 
transition from velocity to pressure will then occur less abruptly 
than if the delivery tube were straight. There is therefore a’ 
gradual decrease of velocity in the delivery tube accompanied by 
a gradual increase in pressure in the delivery pipe until finally 
the pressure becomes high enough to open the boiler check. 


19. Self-Regulation.—The steam and the water must mix 
in correct proportions to insure efficient operation of the injector, 
If too much steam is supplied, part of it will not be condensed, 
and a mixture of steam and water will be discharged at the over- 
flow while the injector is working. If too little steam is used, 
not all of the water will be forced into the boiler, and the surplus 
will escape at the overfiow. As the steam pressure in a loco- 
motive often varies greatly, fluctuations in the amount of steam 
admitted to an injector like that just considered would make it 
impossible to operate without waste at the overflow, except under 
certain pressures, height of lift, and temperature of water supply. 
However, it is possible to modify the injector so as to make it 
self-regulating ; that is, the injector automatically reduces the 
amount of water supplied when the steam pressure falls and 
increases the amount of water when the steam pressure rises. 


20, The sectional view in Fig. 8 shows how an injector | 
may be constructed so as to be self-regulating. The only dif- — 
ference between this construction and that just described is in the 
form and arrangement of the steam nozzle a. At the inlet end. 
af the steam nozzle, passages b lead into a chamber ¢ that sur- 
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rounds the nozzle; and from the chamber c, a passage d opens 
out around the nozzle into the chamber e, which is in communi- 
cation with the suction pipe f and the inlet end of the combining 
tube g by the way of passage i. The steam nozzle a is lengthened, 
also, and extends well into the combining tube. When the 
injector is working, some of the steam admitted past the valve h 
flows through the passages b into the chamber ¢ and thence 
through the passages d and i. This rush of steam through 
the chamber e draws the air from that chamber and from the 
suction pipe f, and there is a vacuum formed, the result being 
that water is lifted into the combining tube of the injector 
through the passage 7, In other words, the supplementary jet 
of steam flowing around the outside of the steam nozzle a pro- 
duces the suction by which water is drawn to the injector. 


As the water is lifted and drawn into the combining tube g, 
Fig. 8, through the passage i by the action of the supplementary 
jet from the passage d, the jet of steam issuing from the nozzle a 
has no lifting to do, but merely forces the water on into the 
delivery tube ; thus the nozzle @ becomes simply a forcing nozzle. 
The self-regulating action is as follows: If the steam pressure 
in the boiler falls, less steam passes through the forcing nozzle a; 
but at the same time, less steam passes through the passages b 
and d, and a smaller quantity of water is drawn in through the 
suction pipe. Thus the ratio of the amounts of steam and water 
is kept unchanged. If the steam pressure rises, the supple- 
mentary jet raises a greater quantity of water, which is met by 
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an increased quantity of steam flowing through the forcing 
nozzle a. 

With the self-regulating feature added, the injector really 
becomes two injectors combined in one. The passages b, d, and 
i form one injector because their action is such as to deliver 
water to the combining tube. The other injector comprises 
the forcing nozzle, the combining tube, and the delivery tube. 


21. Water Delivered per Pound of Steam.—The maximum 
weight of water delivered by an injector per pound of steam can 
be calculated approximately from the following rule: 


Rule.—From the total heat of the steam in British thermal 
units, subtract the delivery temperature of the water and divide 
by the delivery temperature of the water less the initial tempera- 
ture. 

EXAMPLE.—What is the weight of water delivered per pound of steam 


with a steam pressure of 200 pounds, a delivery temperature of 164 
degrees F., and the feedwater at a temperature of 65 degrees F.? 


So.ution—One pound of steam at a pressure of 200 pounds contains 
1,197.6 B.t.u.’s; hence, the weight of water delivered per pound of steam is 
1,197.6 — 164 

164 — 65 
As the steam pressure increases, the temperature of the water 
increases faster than the B.t.u. content of the steam, hence the 
water delivered per pound of steam decreases with increasing 
steain pressures. 


= 10.4 pounds. Ans. 


PURPOSES OF PARTS 


22. General Statement.—The following explanations of the 
purposes of the various parts of an injector, Fig. 7 (a), applies 
to injectors of all makes. 


23. Overflow Valve.—The overflow valve performs several 
functions: It permits the water and the steam to escape when 
the injector is being primed, and thereby prevents a pressure 
from forming in the overflow-valve chamber and reacting on 
the water in the suction pipe; it prevents the air from entering 
and reducing the capacity of the injector when it is working ; 
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and it retains the steam in the injector when it is being used as 
a heater. With a non-lifting injector the overflow valve is also 
used to prevent the escape of the water from the injector wher 
the feedwater becomes too hot. 


24. Overflow Pipe——The overflow pipe is used to convey 
to some convenient point the water that discharges from the 
injector by way of the overflow valve. 


25. Water Valve—The purpose of the water valve is to 
regulate the amount of water that the injector is delivering to 
the boiler. If the conditions under which the locomotive is oper- 
ating is such as to require the delivery of less water to the hoiler, 
the water valve should be partly closed by turning its handle to 
the right. A reverse movement will increase the amount of 
water delivered. 


26, Steam Nozzle-—The purpose of the steam nozzle is 
to change steam at a high pressure and a low velocity into steam 
at a low pressure and a very high velocity. It may he considered 
as being the power unit of the injector. It is a compact form of 
heat engine, capable of converting heat into work without the 
introduction of any moving parts. 


27. Combining Tube.—The purpose of the combining tube 
is to combine the steam and the water and direct or guide the 
stream of water into the delivery tube. The combining tube is 
tapered forward so as to conform to the shape of the jet as it 
decreases in. diameter owing to the gradual condensation of the 
steam, 


28. Delivery Tube—The purpose of the delivery tube is 
to bring about a gradual equalization of velocities between the 
fast moving water in the combining tube and the slower moving 
water in the delivery pipe, thus placing the water in this pipe 
under pressure with the least loss of efficiency. 


29. Line Check-Valve.-—The line check-valve, placed in an 
injector forward of the delivery tube, is to prevent the hot water 
and the steam from passing back into the injector in the event 
of a leaky boiler check-valve, 
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DEFINITION OF TERMS 

30. Single-Jet Injector—A_ single-jet injector is one 
through which a single jet of water is passing while the injector 
is in operation. It may belong to either the lifting or non-lifting 
class. The Sellers, Nathan, and Ohio injectors are examples of 
the single-jet type. The conventional injector in Fig. 7 (a) is of 
the single-jet type. 

31. Double-Jet Injector—A double-jet injector is one 
through which two jets of water are moving when the injector 
is working. It may be of either the lifting or the non-lifting 
class. The Hancock inspirator is an example of a double-jet 
injector. 

32. Open-Overflow Injector—An open-overflow injector 
is one in which the overflow valve is held to its seat by the pres- 
sure of the atmosphere only, when the injector is working, 
Single-jet injectors are of the open-overflow type. 


33. Closed-Overflow Injector—aA closed-overflow injector 
is one in which the overflow valve is held to its seat by some 
mechanical means while the injector is working. Double-jet 
injectors are of the closed-overflow type, as their overflow valves 
are subject to the pressure in the delivery pipe and must be held 
shut positively, to prevent the escape of water. 


34. Breaking of Injector—An injector is said to break, 
when, for any reason, it stops working after having been started. 
When an injector breaks, there is a violent discharge of steam 
at the overflow, and the water ceases to be forced into the boiler. 


35. Restarting Injector.—A restarting injector is one that 
will automatically resume operation if the water supply should 
be interrupted temporarily. The restarting feature is confined 
to single-jet injectors, and hence to open-overflow injectors, 
hecause the overflow valve can lift freely and allow the steam 
to escape when the injector breaks. Most single-jet injectors 
are of the restarting type. 


36. Priming or Lifting of Injector.—An injector is said to 
prime, or lift, when the water leaves the delivery tuhe at too low 
a pressure to enter the boiler. Priming is indicated hy the dis- 
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charge of water and steam at the overflow when the injector is 
being started. 


37. Highest Operating Temperature.—The highest temper- 
ature of the water with which the injector will work without 
wasting at the overflow with the overflow valve open, or without 
breaking with the overflow valve closed, is called the. highest 
operating temperature. 

38. Maximum Capacity.~The maximum capacity of an 
injector is the greatest quantity of water the injector is capable 
of delivering to the boiler in a specified time. It is usually stated 
in gallons per hour. 


CLASSIFICATION OF INJECTORS 


39. Types of Injectors.—Injectors may be divided into two 
classes; namely, lifting injectors and non-lifting injectors. A 
lifting injector is one that is placed above the level of the feed- 
water supply. Because of its location, when such an injector is 
in operation it must raise the water. This is accomplished as 
follows: When the steam condenses, a vacuum is formed in the 
combining tube and the suction pipe, and, owing to the pressure 
of the outside atmosphere, water is forced into the injector. 

A non-lifting injector is one that is placed below the level of 
the feedwater supply, so that the water flows into it by gravity 
instead of being drawn into it by suction. 

40. Lifting Injector —A lifting injector may be placed in 
the cab of the locomotive ; or, if there is not enough room there, 
it may be placed just forward of the cab and operated by levers 
that extend back into the cab. The latter arrangement is shown 
in Fig. 9. The injector a receives steam through a pipe b con- 
nected to a rectangular turret c, to which steam is led from the 
dome by a dry pipe d. The valve e serves to shut off steam 
from the turret. Water enters the injector from the tank 
through the pipe f, first passing through the gooseneck g, the 
hose h, and the strainer 7, A valve operated from the outside of 
the tank controls the flow of water from the tank to the hose, 
The water passes from the injector to the boiler through the 
delivery pipe 7, which is connected to the body of the check- 
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valve hb. The check-valve allows water to pass into the boiler, 
but prevents its return into the pipe 7. The delivery pipe is 
usually made of copper, as copper does not corrode as readily 
as steel. The overflow pipe / carries off the water-that is wasted 
while the injector is being started. 

A lifting injector is placed about a foot above the highest 
water level in the tank, and so it has to lift the water only a 
short distance when the tank is full; but when the tank is nearly 
empty, the height of lift is considerably greater. The injector 
should not be placed unnecessarily high, as an increase in the 
height of lift reduces its capacity. 


rn 


41. Non-Lifting Injector—The arrangement of a non-lift- 
ing injector on a locomotive is shown in Fig. 10, In this case 
the injector @ is placed on the locomotive at a point below the 
bottom of the tank, consequently the water flows to it by gravity. 
To the other parts and connections are given reference letters 
corresponding to the same details in Fig. 9. The principal reason 
for using the non-lifting injector is that the cabs of modern loco- 
motives do not have available room for a lifting injector, nor is 
it always convenient to place such an injector forward of the 
_cab. The arrangement in Fig. 10 requires some additional 
attachments. The starting valve m is outside the cab and is 
operated from the cab by moving the rod », Steam is conveyed 
to the starting valve through the pipe b and from the starting 
valve to the injector through the pipe o. The water valve is 
operated by the handle p and the overflow valve by the handle gq, 
these handles being supported by a stand r bolted to the floor of 
the cab. If the injector ceases to operate, the telltale pipe s 
permits a small stream of water to escape from the nozzle f, thus 
warning the engineer. 


42, Relative Advantages of Injectors.—The advantages of 
the non-lifting injector over the lifting injector are as follows: 
It has a larger capacity for the same size; it can be located out- 
side the cab, in a position easily accessible for repairs, and thus 
relieve congested cab conditions ; it works with less water in the 
tank and with water of a higher temperature; and it can be 
graded closer; that is, the ratio of the quantities of steam and 
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water used can be regulated with greater accuracy. On the other 
hand, it has the disadvantages of being located where it is liable 
to be knocked off, and is subject to freezing in cold weather. 

The lifting injector possesses certain advantages, also. Its 
working can be more readily observed by the engineman ; its 
operating troubles can be more easily remedied on the road: and 
it has fewer outside operating parts. 


SELLERS CLASS N IMPROVED LIFTING INJECTOR 
43, Details of Construction.—Every injector is made up of. 
a body into which are screwed a set of tubes, together with the 
piping for the inlet and discharge of steam and water, and the 
valves for regulating their flow. In these details, all injectors 


Tie. iL 


are similar; but they differ somewhat in the form and arrange- 
ment of the parts. An outside view of a Sellers Class N lifting 
injector is shown in Fig. 11, and a lengthwise sectional view of 
the same injector is shown in Fig. 12. The body a, Fig. 11, of 
the injector carries the starting lever b, the water-valve handle ¢, 
and the overflow-valve handle d. Steam is supplied through the 
connection e and water from the tank through the pipe f. The 
delivery pipe y conveys the water from the injector to the boiler, 
and the overflow pipe at / carries off the water that wastes from 
the injector while it is being primed. The pipes are connected to 
the injector by couplings, and the injector is fixed to the boiter 
by a stud that passes through the hole 7 in the body. The cage j 
holds the water-inlet valves and may be unscrewed, bringing the 
valves with it. 
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44, Sectional View.—A series of holes m, Fig. 12, drilled 
around the rear of the steam nozzle /, and annular passages 2 
and p form a lifting nozzle, the passage of steam through which 
creates the vacuum that results in the water being lifted from the 
suction pipe f into chamber o. ‘The water is then carried through 
the annular space p into the rear end of the combining tube gq, 
where it is caught by the steam issuing from the nozzle k and 
forced through the combining tube into the delivery tube r. For 
this reason the nozzle k is sometimes referred to as the forcing 
nozzle. The passages p and n, together with the holes i, may 
be considered as a separate injector without a delivery tube, the 

‘ purpose of which is to lift and deliver water at a Jow pressure to 
the combining tube gq. 


The projection j’ on the end of the spindle v extends into the 
steam nozzle when the valve w is closed; thus, when the valve 
is moved slightly from its seat the steam cannot enter the steam 
nozzle but is forced to flow first through the lifting nozzle. 

The combining tube, Fig, 13, has openings or gaps at a, 4, 
and s, and the sections separated by these gaps are held together 
by the four ribs @. The opening a permits the water that is 
delivered to the combining tube through the lifting nozzle when 
priming the injector, to escape until the water reduces sufficiently 
in pressure to pass this opening without flowing out. The open- 
ings y and ¢ supplemented by the circular openings & permit 
the water to escape from the combining tube to the overflow 
pipe when starting the injector. Without them the injector 
could not be primed, when the overflow valve is located in the 
combining-tube chamber, because the steam could not get out 
of this tube and would blow back into the suction pipe. These 
openings also permit the injector to restart should it break; 
also, under certain conditions they serve to increase the capacity 
of the injector. It was the development of a combining tube 
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with spillways in combination with an overflow-valve chamber 
that led to the invention of the injector. 


45, The openings in the combining tube could be dispensed 
with and the surplus water, when starting, carried entirely 
through both tubes. This however, would require an overflow 
valve forward of the delivery tube, where the water would be 
above boiler pressure; also, the overflow .valve would have to 
he held forcibly closed after the injector has started and this 
would complicate the design. Jt is much simpler with a single~ 
jet injector to cut spillways in the combining tube and have the 
overflow valve held closed by atmospheric pressure. The design 
of a double-jet injector, such as the Hancock inspirator, will not 
permit of spillways in the tubes, hence the overflow valve must 
be placed forward of the forcer tube and held closed mechanically, 

The water valve #, Fig. 12, is a hollow plug or cylinder with 
slots that can be made to register with corresponding slots in 
the sleeve k’ by turning the handle c, thus allowing water to 
pass from the suction pipe to the passage 0; but in the closed 
position the slots do not register and no water can pass the 
valve. The overflow valve s under normal conditions is free to 
rise and open communication between the chamber b’ and the 
passage c’; but, when necessary, it may be held firmly to its 
seat by turning the handle d and forcing the cam /’ down on top 
of the valve. 


46. Vacuum in Injector—The vacuum maintained in 
chamber o, Fig. 12, of the injector is equal to an absolute pres- 
sure of about 4 pounds per square inch, or about 11 pounds less 
than atmospheric pressure, aud this insures a steady flow of 
water from the tank. The vacuum in the combining tube varies 
from 4 pounds absolute in the rear part of the tube to 13 pounds 
absolute at the front end of the tube. The vacuum in the over- 
flow-valve chamber b' is closely related to the vacuum in the 
combining tube becatse the two are connected. When the steam 
pressure is high the vacuum formed in the combining tube and 
in the overflow-valve chamber may be enough to cause the 
water in the suction pipe to lift the inlet valves mm’ and w’ on the 
stem o’ and enter the chamber. The watet is then drawn 
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through the gaps y and 2¢ and the circular openings in the com- 
bining tube, adding about 20 per cent to the quantity of water 
delivered. Also, the cold water around the delivery tube lessens 
the temperature inside, hastens condensation and reduces the 
tendency to form scale on the inside surface of the tube. 


47, Self-Regulation and Restarting —The Sellers lifting 
injector is self-regulating, since its construction is the same as 
that shown in Fig. 8 and it is also restarting. The opening ¥ 
and s, Fig. 12, in the combining tube, and the use of a large 
overflow valve and overflow pipe, allow steam to escape ireely 
when the injector breaks, instead of producing a back pressure 
in the suction pipe. The flow of steam through the lifting nozzle 
will then reestablish the vacuum in the suction pipe and the 

rater will be lifted and the injector put in operation again, 


48. Operation—The passage of steam and water through 
an injector has already been explained, hence this description of 
the operation of the injector will be confined to the correct way 
to use it. The injector is started by moving the starting lever 
back slichtly until the injector primes as indicated hy the dis- 
charge of water and the overflow ; then the lever is drawn back 
all the way. The starting lever should never he pulled back 
suddenly ; for, with a boiler pressure of 200 pounds, a sudden 
opening of the valve may cause a momentary pressure of 300 
pounds per square inch in the delivery pipe, which may weaken 
or rupture the pipe, cause it to creep, or strain the pipe fittings, 
The injector is stopped by closing the steam valve. 

In severe weather, when the injector is not working, it is 
necessary to heat the water in the suction pipe and the tank hose 
to prevent freezing. The injector can be converted into a heater 
by turning down the overflow-valve handle, and drawing the 
starting lever back slightly. A small amount of steam then 
enters the injector, and as the overflow valve is held closed, the 
steam heats auy water that remains in the delivery pipe as well 
as the water in the suction pipe, the tank hose, aud the tank. 
Too much steam must not be admitted in this way, as the water 
will become so hot that the injector cannot handle it; or the 
tank hose may be blown off by the pressure. 
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SELLERS CLASS S NON-LIFTING INJECTOR 
49. General Description—A sectional view of the Sellers 
Class S non-lifting injector is given in Fig. 14. This injector 
is operated entirely by one lever, and it can be used as either 


a lifting or a non-lifting injector. The arrangement for the 
simultaneous operation of the steam valve a and the water 
valve can be most easily explained by assuming that the rod ¢ 
is pulled upward as when starting the injector. The operating 
lever d, which is pivoted at e, then lifts the link f and the yoke g, 
the yoke being guided upward in the vertical slot in the guide 
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bar i by the pin 7. The ends of the yoke are flexibly connected 
to the stems of the water valve and the steam valve, which are 
accordingly raised off their seats. With this arrangement, a 
separate rod to operate the water valve from the cab is unneces- 
gary. 

The overflow vatve is closed automatically when the injector 
is operating, hence, manual control by means of a handle in the 
cab ig not necessary, When the line check-valve j lifts, the 
pilot valve & is unseated and permits the water to flow through 
port J to a passage am that 
leads to the top of the aver- 
flow valve m’, which is then 
held to its seat. 


50. Nozzles—The con- 
struction of the steam nozzle 
n, Fig. 14, does not differ 
from that of the lifting injec- 
tor already described. It is 
made in two parts with one 
part screwed into the other 
part as shown, A series of 
holes in the upper end of 
the nozzle open imtu the 
water passage o and these 
holes in combination with 
the annular passage fp he- Fro. 15 
tween the end of the steam 
nozzle and the rear end of the combining tube y may be con- 
sidered as constituting a separate injector that regulates the 
anount of water delivered to this tube to suit the steam supply. 
The water, after passing into the combining tube as just 
deserthed, is carried forward to the delivery tube by the high- 
velocity low-pressure steam that is discharging through the steam 
nozzle. The openings in the combining tube serve the same 
purposes as similar openings in the lilting injector, 


51. Inlet Valve.—The inlet valve r, Fig. 14, acts to increase 
the capacity of the injector under certain conditions. For 
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example, if the vacuum formed in the chamber surrounding the 
combining tube and above the valve r becomes great enough, it 
is lifted by the higher pressure in passage o, and the water 
passes into the combining tube through the openings shown. An 
increase in capacity of about 20 per cent is thus obtained. 


52, Cab Stand.—The cab stand used with the class S 
injector is shown in Fig. 15. The arrangement is so simple that 
no description is necessary. 

53. Operation.—To start the injector and operate it at 
maximum capacity, pull the lever all the way back; to regulate 
the supply to the boiler, push the lever forward to the desired 
notch in the quadrant to meet the requirements of the boiler. To 
stop the injector, push the lever all the way forward; and to use 
asa heater, draw the lever back slightly. 


SELLERS CLASS K NON-LIFTING INJECTOR 

54, General Arrangement.—An exterior view of the Sellers 
Class K. non-lifting injector, together with the relative positions 
of the attachments on the locomotive, is given in Fig. 16. The 
steam pipe @ conveys the steam from the cub turret tu the starting 
valve b, and steam is led to the injector ¢ hy the pipe d. Water 
is supplied through the suction pipe e and is discharged through 
the delivery pipe f, the water from the overflow being led away 
by the pipe g. The cab stand A supports the rods 7 and j to 
which the handles k and / are attached. The handle k is con- 
nected by the rod mm to the spindle a of the water valve that con- 
trols the flow of water to the injector. The handle J controls 
the overflow valve through the rod oe. A small copper pipe p 
leads from the body of the injector to the indicator g in the enh. 
When the injector is working properly, the partial vacuun inside 
it is communicated to the chamber r and the piston s is drawn 
up; or, if it overflows, the vacuum is destroyed and the piston s 
drops, thes giving the engineman warning of the trouble, ‘The 
lever ¢ of the starting valve is connected by the rod u to the 
starting handle v in the cab. 

55. Sectional View.—A sectional view of the Sellers Class 
K non-lifting injector is given in Fig. 17. The construction of 
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the interior of this injector follows that of the Type S so closely 


that no description is necessary. 


56. Starting Valve.—-A sectional view of the starting valve 
b, Fig. 16, is given in Fig. 18 (a). Steam from the turret enters 
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through the pipe a and passes to the injector through the pipe bd, 
The pipe a communicates with the chamber c¢ above the pilot 
valve d and the main valve e, and the passage f below the valves 
opens into the steam pipe b. The pilot valve seats on the upper 
end of the main valve, and the latter fits loosely over the upper 
end of the stem g. When the starting valve is located outside the 
cab, it is operated by an extension rod # connected to the lever i 
by which the stem g is raised and lowered. When the rod h 


é 
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is pulled back by moving the handle j, the upper end of the stem 
g first strikes the pilot valve d and lifts it off its seat. Steam then 
flows down past the loosely fitting stem in the main valve into 
the space f and the pipe b. The pressure beneath the main 
valve thus soon becomes equal to that above it; that is, the valve 
is balanced. Continued movement of the handle 7 then brings 
the shoulder of the stem g against the main valve e, which is 
easily raised because the pressures above and below it are equal. 
Hf the starting valve is located inside the cab, the arrangement 
shown in Fig. 19 is used. The handle a is at the upper end of 
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the operating lever b and the spring pawl ¢ drops into the 
notches ¢ and e te hold the handle in a given position. 


57. Operation—To start the injector, open the overflow 
yalve and also the water valve if it has been closed, then move 
the handle of the starting valve back slowly as far as it will go. 
To stop the injector, move the handle of the starting valve all 
the way forward and close either the overflow valve or the water 
valve. To use as a heater, close the overflow valve, open the 
water valve, and move the handle of the starting valve back 
slightly. 


58. Temperature of Feedwater——The non-lifting injector 
will handle hotter feedwater than will a lifting injector. The 
reason is that a lifting injector must raise the water, and this 
action requires the formation of a partial vacuum in the body 
of the injector. Under a partial vacuum, hot water will give 
off steam, and this steam will expand in the suction pipe, and 
destroy the vacuum so that water cannot be fifted, A non-lifting 
injector does not raise the water, and is therefore not affected hy 
hot feedwater to the same extent as a lifting injector, A non- 
lifting injector will operate with hot water, provided the water is 
not tao hot to prevent the steam from condensing sufficiently to 
form the jet. 
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NATHAN SIMPLEX LIFTING INJECTOR 


59. An exterior view of a Nathan lifting injector is shown 
in Fig. 20, and a sectional view in Fig. 21. The injector tubes 
with the spillways indicated by the letters v and w are shown in 
Fig, 22. The steam pipe is connected at a, Fig. 20, the suction 
pipe at b, the overflow pipe at ¢, and the delivery pipe at d. The 
starting lever ec operates the spindle f of the steam valve, and the 
handles g and ft control the opening and closing of the water 
valve and the overflow valve, respectively. The plug ¢’ permits 
oil to be introduced into the injector when the feedwater is 
bad. The construction of the injector in Fig. 20 is so similar 
to that of the Sellers lifting injector that a detailed description 
of its construction and operation is unnecessary. However, the 
arrangement of the inlet valve w, Fig. 21, is different. This 


valve opens when the vacuum in the chamber - surrounding 
the combining tube a reaches a certain point, thus admitting 
water from the chamber gq. This water enters the combining 
tube by way of the openings v and increases the capacity of the 
injector. The purpose of the rotary valve z is to» close com- 
munication between the chamber g and the chamber 2 in case 
the inlet valve leaks; for, in that case, the steam might pass 
back from the chamber .r to the suction-pipe chamber y in suffi- 
cient quantity to prevent the formation of a vacuum and the prim- 
ing of the injector. It is closed by applying a wrench to the 
squared end of the stem 6’, Fig. 20, The end of the valve is 
marked with the letters S and QO; when S is uppermost, the 
valve is shut, and when O is uppermost, the valve is open. 
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NATHAN NON-LIFTING INJECTOR 


60. Arrangement.—An outline drawing of a Nathan non- 
lifting injector with its control arrangement is shown in Fig, 23. 
The steam supply to the injector is controlled by the lever shown, 
the water valve is operated by the handle @ and the overflow 
valve by the handle b. The telltale pipe ¢ permits of a small 
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discharge of water should the injector break. A telltale valve 
installed in the pipe near where it couples to the injector limits 
the amount of water that passes through the nozzle in the cab. 

The arrangement of the steam nozzle a, Fig. 24, the combin- 
ing tube b, and the delivery tube ¢ follows that of the non-lifting 
injector just described, so that no further description is neces- 
sary. The steam nozzle is made in two parts, a main part @ and 
a part d that is screwed on to it. The annular space between 
these two parts forms a nozzle that serves to deliver water to the 
combining tuhe. The connections to the injector for water, 
steam, overflow, and delivery are indicated on the illustration. 

The intermediate check-valve ¢ operates only when the feed- 
water is so warm that it cannot condense all of the steam. Tn 
such an event the steam will cause a part of the water to spill 
out through the opening f, lift the check-valve c, and escape by 
way of the overflow valve g to the overflow. But if the overflow 
valve is held closed by screwing down its spindle, the water will 
enter the combining tube through the openings A, 7, aud j and will 
be carried along with the water into the delivery tube. At this 
time the check-valve prevents the return of the hot water. ‘The 
water jet is in the process of formation in the nozzle ahead of the 
opening f and if the hot water were permitted to return, it would 
interfere with the formation of the jet and the injector would 
break. At the openings h, 7, and j the jet has been fully formed 
and the entrance of hot water does not affect it. 


61, Starting Valve.—The type of starting valve used with 
Nathan non-lifting injector ig shown in section in Pig. 25 (a). 
The main valve encloses and carries the pilot valve ), both valves 
being moved by the stem ¢c. The construction of the main valve 
is more clearly shown in (6), which is an outside view, and in 
(c), which is a part section only, showing the pilot valve raised 
off its seat in the main valve. With both valves closed, as in (2), 
steam from the passage d surrounds the main valve and fills the 
space e above it. When the stem ¢ is forced upward, its end 
raises the pilot valve b off its seat, as shown in (c), and steam 
flows dawn the central passage around the stem to the chamber f 
beneath the main valve, as indicated by the arrows, thus balane- 
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ing the main valve. Then when the shoulder of the stem ¢ 
tneets the valve a, the main valve is easily lifted, and steam 
flows through to the passage g and thence to the injector. The 
handle & is connected to the lever ¢ by the rod j and has three 
notches that may be engaged with the plate k. The spring- 


loaded catchbolt 2 holds the slotted handle in place. In the 
position shown, the starting valve is closed; in the middle notch, 
the injector will act as a heater; and in the forward notch the 
starting valve will be fully open. 


OHIO LIFTING INJECTOR 


62, Description—An exterior view of an Ohio lifting injec- 
tor, which is of the single-jet type, is shown in Fig. 26. The 
steam pipe is connected at a, the suction pipe at b, the overflow 
pipe at c, and the delivery pipe at d. The overflow-valve handle 
is shown at j, the water-valve handle and stem at g, and the lever, 
used to start and stop the injector, at h. The lever is connected, 
by the lever links shown, to the valve-stem crosshead j, which is 
screwed on to the end of the steam-valve stem hk. 


43 


LOCOMOTIVE INJECTORS 


44 LOCOMOTIVE INJECTORS 


A sectional view of the injector is shown in Fig, 27 (a). The 
hody of the injector is made in two parts, a back part and a front 
part, held together by the bolts e, The nozzles and tubes in the 
injector are the steam nozzle /, the combining tube, made in two 
parts o and p, and the delivery tube g. The front combining 
tube is screwed on to thé delivery tube, which in turn is screwed 
into the delivery-pipe connection r. This connection contains the 
line check-valve s and is 
screwed into the body of 
the injector as shown, The 
stem of the line check- 
valve works in a stop-ring 
that is screwed into the 
delivery-pipe connection. 

63. Arrangement 
of Steam Valve.—The 
arrangement of the steam 
valve differs from that of the 
injectors already considered 
and can be more easily 
wnderstood by considering 
its action when starting the 
injector. A slight move- 
ment of the lever /, Fig. 27 
(6), draws the steam valve 
# to the rear until the part 
v strikes the rib w on the 
primer #1. Steam from the 
steam passage a view (a), then passes by the unseated steam 
valve, through the small holes # and passage a’ in the primer 
into the combining tube o, thence through the openings J’ and d’ 
and by the overflow valve ¢ to the overflow pipe c. This passage 
of steam expels a part of the air from the injector and the pres- 
sure of the air on the water in the tank forces the water to the 
injector through the suction pipe b. The water flows into the 
rear end of the combining tube through the passage c’, passes 
through the openings 6’ and d’, and thence to the overflow, as 
shown by the arrows, the injector then primes. 
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A further backward movement of the lever handle causes the 
steam valve wu to pull the primer nozzle away from its seat at 
the entrance of the steam nozzle, as shown in view (b). The 
gradual withdrawal of the primer nozzle from its seat causes the 
steam to enter the steam nozzle in an increasing volume, and the 
injector starts to operate. 


OHIO NON-LIFTING INJECTOR 


64. Description.—The exterior view of an Ohio non-lifting 
injector is shown in Fig, 28, and a sectional view is given in 
Fig. 29. The steam pipe is coupled to the injector body at a, 
the overflow pipe at b, the suction pipe at c, and the delivery 
pipe at d. The stem ¢ of the overflow valve is connected by a 
rod to a wheel in the cab, and the stem f of the water valve 
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is also connected in the same manner to an operating wheel in 
the cab. The words water and overflow are cast on these wheels 
so that the valves can be identified. A sectional view of the 
lever steam-throttle valve used to control the passage of steay 
to the injector is shown in Fig. 30. The steam pipe @ is con- 
nected to the cab turret, and the steam pipe 0 leads to the injec- 
tor. The lever c is connected to the spindle d, which at the 
front end controls the passage of steam through the port ¢ in 
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the valve f. The steam enters the valve f through the ports g. - 
The stem d can be moved back a short distance, thereby opening 
port e before it will come in contact with and open the valve 
f; therefore, the steam is admitted to the injector steam pipe 6 
gradually. The lower end of the lever ¢ is connected by the’ 
links to the body 7. 

The operation of the Ohio non-lifting. injector is identical 
with that of the other types of non-lifting injectors already 
described. 
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CONDENSATION OF STEAM WITH HOT WATER 


65. Conditions Necessary for Condensation.—I{ very hot 
steam is turned into cold water, the steam in heating the water 
will lose heat and condense, and this process will continue until 
the water begins to boil. Once boiling begins, the water cannot 
be made any hotter, hence it will absorb no more heat from the 
steam and the further cooling and condensing of the steam will 
stop. The heat now added to the water will be expended in 
expelling the particles of water in the form of steam. 

The boiling temperature of water depends on the pressure 
to which it is subjected ; the higher the pressure, the higher will 
be the boiling temperature. At atmospheric pressure, water boils 
at 212° I’, hence water at this pressure will condense steam 
until heated to this temperature, but as the water cannot be 
made any hotter, the further condensation of the steam will 
stop. Water under a pressure of 30 pounds must be heated to 
about 297° TF. before boiling will occur. For every pressure 
there is a certain boiling temperature; this information is given 
in Steam Tables. 

Now should it happen that water under a pressure of 30 
pounds is at a temperature of 200° T’, instead of 274° F., steam 
if turned into the water will condense until the temperature is 
increased to the last named figure. Hence in order to have 
steam condense with hot water, all that is necessary is to have 
the water at a temperature below the boiling point for that 
pressure. 


66. Design for High Temperature of Delivery Water. 
With the injectors that lift and discharge water to the combining 
tube at atmospheric pressure or less, the temperature of the 
water delivered to the boiler with the injector working at or 
near capacity cannot excced 212° F., because this is the boiling 
temperature for this pressure and cannot be exceeded. Tf it 
is desired to deliver water at’a higher temperature, the injector 
must be of the double-jet type; that is, one set of tubes must be 
employed to deliver water under pressure to another set but 
at a temperature less than that corresponding to this pressure. 
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Then this water, although already heated, is capable of condens- 
ing steam when passing through the other set of tubes, thereby 
raising the temperature of the delivery water. The Hancock 
inspirator is designed on this principle, hence it will deliver hotter 
feedwater to the boiler than a single-jet injector. 


DOUBLE-JET INJECTORS 
HANCOCK INSPIRATORS 


67. Origin of Term.—The Hancock inspirator is an injec- 
tor that is designed to deliver water to the boiler at a higher 
temperature than the ordinary type of injector. 

The term inspirator originated from the fact that John T, 
Hancock in 1868 made some improvements in an apparatus: 
used to draw in air. He applied the term inspirator to 
the device, this word being used in the sense of drawing in, 
or inhaling. In later experiments, the device was used to 
lift water, and this was later followed by an apparatus that 
would lift and force water. The term inspirator, which was 
applied to the original device for drawing in air, continued to 
be applied to the later devices, with the result that the injec- 
tor that was finally evolved was called an inspirator. 
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68. Conventional Design.—The conventional design of the 
non-lifting double-jet injector shown in Fig. 31 will be used to 
explain the principle of the Hancock inspirator and why it 
delivers hotter water than a single-jet injector, 

The injector contains two tubes or nozzles with separate 
steam nozzles @ and b for each. The lower tube is called a 
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lifter tube and is made up of a combining tube ¢ and a delivery 
tube d combined in one part. The upper tuhe is called a forcer 
tube and it also is made up of a combining tube e and a delivery 
tube f. The chamber g, with an outlet normally closed by the 
intermediate overflow valve h, connects the front end of the 
lifter tube to the rear end of the forcer tube. The injector is 
started by opening the valve j, thereby inducing a flow of water 
through the tubes c and d, by the valve h, and out through the 
valve 1. The valve 7 is opened next; this places the water in the 


lig. 32 


tubes e and f under pressure; the valve | is then closed. The 
valve /i now prevents the return of water to chamber g. 

With steam at a pressure of 200 pounds and water at 
75° F., the lifter tube delivers water at a pressure of about 31 
pounds and a temperature of about 110° F. to the forcer tube 
from which the water passes to the boiler, Now the boiling point 
of water at 31 pounds pressure, or the point up te which it will 
conderise steam, is about 273° F., so that theoretically the steam 
passing through the forcer tube will condense until the water 
is raised to this temperature. However, the temperature of the 
water fed to the boiler depends on the regulation of the injector. 
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HANCOCK LIFTING INSPIRATOR 


69. Description—An exterior view of a Hancock lifting 
inspirator is shown in Fig. 32, The steam pipe is coupled at 
a, the suction pipe at 6, the overflow pipe at c, and the delivery 
pipe at d. The lever e is connected to the rear end of the heater 
rod f by the stud g, and the front end of the rod is connected to 
the lower end of the overflow crank h, the upper arm of which 
is connected to the overflow-valve stem 7, The crank f# is con- 
nected by the stud 7 to the crank holder &, which is slipped over 
the intermediate overflow-valve bonnet / and is held in position 
by the capscrew #1. 

The lower end of the lever ¢ is placed between and is con- 
nected to the two side straps 2 by the pin 0. The front ends of 
the links are connected to the injector as shown, and the bolt p 
is used to keep the links together. The handle of the regulating 
valve is shown at q. 


' 70. A sectional view of the injector is given in Fig. 33, in 
which the principal exterior parts are given the sate reference 
letters as in the exterior view. The names of the principal 
parts in the interior of the injector are the lifter nozzle s, the 
lifter tube ft, the forcer nozzle u, and the forcer tube 2, all of 
which are screwed into the body of the injector as shown; the 
intermediate overflow valve zw, the final overflow valve 7, and the 
compound forcer steam valve that consists of two valves y and ¢ 
connected by the coupling nut @’ to the stem b', The rear end of 
the stem is connected to the lever e. The regulating valve ¢’ is 
operated by the handle q. 


71. Compound Forcer Steam Valve—As shown by the 
detail in Fig. 34, the compound forcer steam valve is made up of 
a valve a anda valve b, The valve @ is connected to the for- 
ward ribbed portion of the valve & by the sleeve c and the bolt d. 
The bolt is threaded through the sleeve and is prevented from 
backing out by a pin e. The sleeve c and hence the valve @ are 
free to move back and forth in the valve b; that is, the valve a 
can move back until the part f comes in contact with the part g 
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of the valve b. The valve can move forward until the collar } 
on the sleeve strikes the part 7 of the valve as shown. 

The valve a is merely a silding valve on the front of the valve 
b. The idea of the design is, when the injector is being started, 
to open the valve b first so as to insure that the water is flowing 
through the lifter and the forcer tubes before the valve a opens 
and admits steam to the latter tube. 


72. Regulating Valve.—The regulating valve c¢’, Fig. 33, 
operated by the handle g is used to govern the amount of steam 
that passes through the lifter nozzle s, and thereby regulates the 
quantity of water that is being forced through the lifter tube ¢ 
to the forcer tube v. This valve can be compared to the water 
valve of a single-jet injector, because it serves the same purpose, 
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namely, to regulate, when desired, the amount of water that the | 
injector is delivering, However, the regulating valve affects the 
water supply by regulating the steam supply, whereas the water 
valve affects the water supply direct. The valve is wide open ° 
when a pin in the handle g is at the top. , 


73. Location of Final Overflow Valve.—To insure proper» 
operation the design of a double-tube injector will not permit 
of spillways being cut in the tubes as with a single-jet injector, 
hence when priming and starting the injector the surplus water 
must be carried all the way through the tubes. In this way the 
water from one set of tubes does not interfere with the passage. 
of the water through the other set. The final overflow valve 
must then be placed in the forcer-tube chamber, and must. be 

held closed mechanically. The opening normally closed by the 
_ intermediate overflow valve in combination with the final: over- 
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flow valve opening takes care of the surplus water discharged 
from the lifter tube when starting the injector. The purpose 
of the intermediate overflow valve is to close this opening when 
the injector is in operation and thereby prevent the water that 
ig above boiler pressure in the forcer-tube chamber from 
returning to the lifting-tube chamber and stopping the injector. 


74, Operation.—The inspirator is started by pulling back 
the lever ¢, Fig. 33, slightly, thereby causing the stem b’ to 
unseat the valve y but not the valve ¢. The steam from the 
steam pipe a then passes by the valve y through the passage f’ and 
the lifter nozzle s, lifts the water from the suction pipe f, and 
carries it through the lifter tube t to chamber d The mixture 
of steam and water next lifts the intermediate overflow valve w 
and passes by the final overflow valve x to the overflow pipe c; 
part also enters the end of the forcer tube v by passing through 
the opening g' and after filling the delivery pipe escapes through 
the overflow pipe. 

As soon as the inspirator primes, the lever ¢ is drawn bacls 
farther, thereby taking up the slack between the valve y and the 
valve ¢ and unseating the latter valve. The action that now 
occurs is similar to that which has already taken place in the 
other set of tubes. The water that is being delivered through 
the openings between the forcer nozzle and the forcer tube is 
carried forward through the rear portion of the tube at a high 
velocity by the high-velocity low-pressure steam discharging 
from the forcer nozzle. By this time the starting lever is about 
all the way back, and the final overflow valve is nearing its scat 
iand is gradually stopping the discharge of water at the over- 
flow. The building-up of pressure in chamber ¢’ now forees the 
intermediate overflow valve qw to its seat and the discharge of 
water through it from chamber d’ stops. With the lever all the 
way back, the overflow valve is foreed to its seat, and hy this 
time the pressure in the forward portion of the forcer tube and 
in the delivery pipe is sufficient to open the boiler check-valve, 
The lifter tube delivers the water to the forcer tube at a pressure 
of about 31 pounds and at a temperature of about 110° FP. The 
temperature of the delivery water is about 220° F. The lifting 
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inspirator does not deliver quite the same amount of water per 
pound of steam used, which accounts for the slightly higher 
temperatures than those previously given. The inspirator is 
self-regulating because if the steam pressure rises, the lifter tube 
will lift and deliver more water to the forcer tube but, as there 
is a correspondingly greater amount of steam passing through 
this tube, proper care is taken of the increased supply of water, 


75. Using Inspirator as a Heater.—The inspirator can be 
used as a heater by lifting the heater rod f, Fig. 32, until it is 
disengaged from the stud g, and drawing the rod back until the 
final overflow valve is closed. The lever ¢ should then be drawn 
back to the lifting position and the amount of steam to the suction 
pipe should then be regulated by the regulating valve. : 


HANCOCK NON-LIFTING INSPIRATOR 


76. Types.—The Jlancock non-lifting inspirators are 
known as the type H-N-L, with a capacity of 2,500 to 6,000 
gallons per hour, the type L-N-L with a capacity of 6,500 to 
8,000 gallons per hour, and the type K-N-L, with a capacity of 
8,500 to 12,000 gallons per hour, and the type M-N-L. 


77. Exterior View.—In Fig. 35 (a) is shown an exterior 
view of the L-N-L type of inspirator and the operating valve, 
and in view (b) is shown the arrangement for operating the 
overflow valve. A part of the overflow extension rod a is 
shown connected to the wheel rod }, and the lower part of the 
rod is connected to the overflow valve stem c. The steam pipe 
from the turret is connected to the operating valve at d, the 
suction pipe is connected at ¢, the delivery pipe at f, and the 
overflow pipe at g. 

Two pipes h and 7 lead from the operating valve to the injector. 
The pipe # is the regulating steam pipe, and the pipe 7 is the 
forcer steam pipe. 

The passage of steam from the steam pipe at d to the pipes h 
and 7 is controlled by a steam valve in the operating valve body 
that is operated by the lever 7 and the valve stem k. The amount 
of steam that passes through the pipe h can be regulated by the 
regulating valve, the handle of which is shown at J. 
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The steam valve and the regulating valve in the operating- 
valve body serve the same purpose as similar valves in the lifting 
type of inspirator. 


78. Sectional View.—A sectional view of the inspirator is 
shown in Fig. 36, in which similar parts have the same reference 


LOCOMOTIVE INJECTORS 


56 


LOCOMOTIVE INJECTORS . 57 


letters as in Fig. 35. The lifter nozzle is marked x, the lifter 
tube o, the forcer nozzle p, and the forcer tube is g. The inter- 
mediate overflow valve is shown at r, and the Hne check-valve 
at s. With late types of this injector, the valve + is not used. 
The purpose of the valve ¢ here shown seated Is to prevent 
the steam from blowing the tank hose off should the injector 
break. The final overflow valve is not shown because in order 


hig. 7 


to show a sectional view of the injector the part that contains 
the overflow valve has to be removed, but the outlet is shown 
at g. 

An alarm valve u, which is contained within the body m, lifts 
when the injector breaks aud permits steam to escape through 
the pipe v connected to the top of the body that leads up into 
the cab. The upper end of this pipe is fitted with a nozzle ww. 


79, Steam Valve—The arrangement for admitting steam 
from the steam passage d in the injector to the pipes / and i, 
as shown by the sectional view of the steam valve hody, Fig. 37, 
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comptises a steam valve 4 and a steam valve auxiliary disk y, 
connected to the steam-valve stem & by the disk nut a’. When 
the valve stem is drawn back by the lever 7, the auxiliary disk first 
opens the ports ¢ as shown, thereby connecting chamber d to 
the interior of the operating valve 4. As the lever is pulled 
back farther, the slack between the auxiliary disk and the disk 
nut a’ is taken up and as soon as these parts come in contact 
a further movement of the lever draws the steam valve 4 back- 
wards from its seat at 6’. The steam valve is guided at the rear 
by the valve wings c’, while at the front the valve is of the piston 
type and is also wing-guided. The steam that flows through the 
interior of the steam valve when the auxiliary disk y is opened 
passes by way of the passage d’ and the regulating valve / to 
the pipe A, while the steam that enters chamber e’, when the 
steam valve is opened, passes through a passage jf’ around 
passage a’, and enters the pipe 7. At this point the steam valve 
is fully open and the piston at the front end of the valve is with- 
drawn from its orifice, permitting a full flow of steam from 
chamber ¢’ to chamber d’. This permits the main steam valve to 
feed both pipes h and 7. The port g' is to allow a little steam 
down the pipe 7 to clear out the water and aid the circulation in 
the forcer tubes when the inspirator is used as a heater. 


80. Operation.—To start the inspirator, first open the over- 
flow valve and pull the valve lever back to priming position, 
thereby establishing the circulation of water through the lifter 
and forcer ttbes. When the inspirator is thus primed, draw 
the steam-valve lever back slowly to full operating position and 
close the overflow valve. 

The inspirator is stopped by closing the operating valve. The 
inspirator can be used as a heater by closing the regulating valve 
and pulling the lever to priming position as shown in Fig, 37. 
The regulating valve should then be opened the amount required 
to heat the water, but not enough to open the alarm valve, It is 
understood that the overflow valve is now closed. 

It is unnecessary to trace the flow of water through the injector 
because this does not differ from the lifting inspirator already 
described. 
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81. Type M-N-L.--The principal difference between the 
L-N-L and M-N-L types of inspirators is that with the latter 
the separation of the steam for the lifter tubes and the forcer 
tubes is accomplished in the inspirator. With the former this 
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separation is made in the operating valve, hence two steam pipes 
are required. The M-N-L inspirator was designed to do 
away with the operating valve in the cab and one steam pipe, 
An exterior view of the type M-N-L Hancock non-lifting 
inspirator is shown in Fig. 38. The steam pipe is connected to 
the body of the inspirator at a, the suction pipe at b, the delivery 
pipe at c, and the overflow pipe at d. The injector steam valve 
is opened and closed by means of the operating lever e, the con- 
necting-rod f, the operating crank g, and steam valve h. The 
left end of the operating crank is pinned to the top of the side 
strap i. The operating lever e is held in any position desired 
by the notched quadrant j, which is bolted to some convenient 
point in the cab. The connection between the rod k and the’ 
stem / of the water valve and between the rod » and the stem 
of the final overflow valve is made by the rods m and p, respec- 
tively, The water supply can be regulated either by a water 
valve, as in Fig. 39, or by a steam valve. With water regula- 
tion the water valve w is placed in the water passage. With 
steam regulation a valve placed in front of the lifter nozzle s 
~ regulates the water supply by varying the flow. of steam through 
this nozzle. Either valve is operated by the handle k, Fig. 38. 


82. A sectional view of the injector is given in Fig. 39, in 
which the exterior parts have the same reference letters as in 
the exterior view. The delivery pipe c, and the final overflow 
valve r have been moved out of their true positions so as to 
appear in the section. The arrangement of the nozzles and 
the tubes do not differ materially from the H-N-L type of 
injector. The names of the tubes are as follows: ss, lifter ‘ 
nozzle; t, lifter tube; u, forcer nozzle; and vu, forcer tube. The 


water or suction valve is marked w, and the intermediate overs 


flow valve is shown at x. 


The compound forcer steam valve is similar to that used with 


the lifting injector. Tt consists of a valve y, that makes a seat 
at 2 and a valve a’ that is applied to the valve y in such a way 
that this valve can unseat a small amount without unseating the 
valve a’. The alarm valve b’ permits steam to discharge through 
_ the pipe shown, should the injectpe break, The intermediate. 
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overflow valve + and the final overflow valve r are used for the 
same reasons as with the other types of Hancock imspirators. 
The plug ¢’, permits the delivery pipe to be drained, should it 
become necessary to do so in severe weather. 


83. Operation.—With the suction or water valve w, Fig, 39, 
open, the injector is started by opening the final overflow valve r, 
thereby allowing the water to pass out through the overflow 
pipe d. The operating lever is next drawn back slightly so as to 
unseat the steam valve y, but not the steam valve a’. The steam 
passes by the unseated steam valve y through the passage d’ and 
the lifter nozzle s and starts the circulation of the water through 
the lifter tube # and the forcer tube v as shown by the arrows. 

Some of the water also passes by the intermediate overflow 

‘yalve « and flows through the passage e’ to the final overflow 
valve. When water discharges freely at the final overflow valve, 
the operating lever is pulled all the way back, thereby opening 
the steam valve a’, and the final overflow valve is closed. The 
water is then forced mto the boiler. The regulation of the water 
supply is obtained by turning the handle k, Fig. 38, in the proper 
direction. 

The injector is stopped by moving the operating lever forward 
all the way. The injector is used as a heater by closing the 
final overflow valve, opening the water valve, and then drawing 
the operating lever back a few notches. Care should be taken 
not to pull the lever back too far because, in this event, enough 
steam will be admitted to the injector to lift the annunciatar or 
alarm valve and discharge through the aynunciator pipe to the 
cab, 

BOILER CHECK-VALVES 

84. Purpose—The purpose of the boiler check-valve is 
to close communication between the boiler of the locomotive 
aud the delivery pipe Gf an injector and thus prevent the return 
of water from the boiler to the delivery pipe when the injector 
is not in operation. 

Usually a stop-valve is used in combination with a boiler 
check-valve, so that the check-valve can be removed and ground 
steam-tight when the boiler is under pressure. 
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85. Description.—A sectional view of a combination boiler 
check- and stop-valve is shown in Fig. 40. The connection 
between the check-valve body a and the boiler is made by a 
flange b, screwed on to the body and connected to the boiler by 
studs and nuts. A steam-tight joint between the boiler and the 
check-yalve body is made by a ring, not shown, which is ball- 
faced on the side next to the boiler. The steam and water in the 
boiler can be shut off from the check-valve body a@ and the 
delivery pipe d by closing the stop-valve ¢ against the seat jf. The 
boiler check-valve g can be removed by taking off the check- 
valve cap ft. ° 


86. Duplex Top Check and Stop-Valve.—The principal 
reason for placing the boiler check-valve on top of the boiler 
is that certain impurities in the feedwater, when it is delivered 
to the boiler below the water level, will form a hard scale on 
the sheets, whereas if the water is delivered into the steam 
space, the impurities will be deposited in the form of a mud 
that can be blown out. 

Also, the water in falling through the steam space becomes 
heated and does not have such a cooling effect on the sheets 
as when the water is delivered on the side of the boiler. The 
two check-valves are combined so as to simplify their application 
to the boiler. : 

The arrangement of the check-valve body when applied to 
the top of the boiler is shown in Fig. 41 (a). The extension @ 
with side openings 6 to deflect the water from the dry pipe 
forms a ball joint with the top sheet c, and the flange d of the 
check-valve body is pulled down steam-tight against the exten- 
sion @ by the stud and nuts shown. The delivery pipes are 
marked e and f. Either of the boiler check-valves can be removed 
by unscrewing the caps f and 7. The stems of the stop-valves 
used to shut off the steam from the boiler when necessary to 
remove the check-valves are marked 7 and k. 

A part sectional view of the check-valve body g is shown in 
Big. 41 (b), in which the stop-valve k is shown turned around 
out of its true position in order that the arrangement of the 
passages in the check-valve body may be more easily seen. The 
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Fig. 41 
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water from the right-hand delivery pipe passes, as shown by the 
arrows, under the boiler check-valve / and thence through passage 
a and by way of the stop-valve k to the boiler. The pressure 
in the boiler can be shut off from the check-valve | by closing the 
stop-valve k. However, before the cap 1 is removed and the 
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check-valve taken out, the relief plug » must be unscrewed far 
enough, as shown, to permit the steam in passage im to escape 
through passage o. A similar arrangement of passages, check- 
valve, relief plug, and stop-valve is contained in the other half 
of the check-valve body. 
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SELLERS COAL SPRINKLER 

37. The purpose of the coal sprinkler, or squirt, is to wet 
down the coal in the tender or flush the deck of the engine. 
The sprinkler was formerly connected to the delivery pipe of 
the injector but the high pressure of the water frequently blew 
off the hose, and caused accidents. Modern coal sprinklers 
take the water from the suction pipe and discharge it through 
the sprinkler pipe and hose at a low temperature and velocity. 


Bite, 43 


The arrangement of the Sellers sprinkler is shown in Fig. 42, 
in which @ is the sprinkler body connected to the side of the 
suction pipe b, ¢ the steam pipe with a globe steam valve and a 
vent valve d, and e the sprinkler pipe with a hose. <A sectional 
view of the sprinkler body and the interior parts is shown in Fig. 
43. The steam enters the sprinkler, when the steam valve is 
opened, through the pipe ¢ and closes the veut valve d and the 
drain valve f. The steam then seats the check-valve g and 
hegins to move the piston / and the water valve i upwards. As 
soon as the water valve opens, the water that is always present in 
the suction pipe ? and in chamber 7 passes to the delivery tube /. 
The piston / continues to move upwards until the ports / register 
with the ports m, The steam then passes through the steam 
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nozzle n and a jet of water forms in the delivery tube k. As soon 
as the jet forms, the water is drawn from the suction pipe and 
delivered to the pipe e. The sprinkler is really an injector that 
is designed to deliver water 
at a low velocity and at a 
low temperature. When the 
steam valve is closed, the 
water valve 7 is closed hy 
its spring and the pressure 
of the water in the suction 
pipe. The check-valve g 
unseats and permits the 
water to drain from ‘the 
pipe e and the tube & past © 
the drain valve f, which is 
unseated by the spring be- 
neath it. The vent valve d 
also opens and allows the 
air to enter and thereby 
force the water. and the 
condensed steam from the 
steam pipe. 


LOCOMOTIVE FEEDWATER STRAINER 


88. The purpose of the feedwater strainer is to prevent 
dirt or foreign particles that may pass through the strainer in 
the tank that encloses the tank valve from entering the injector. 
The feedwater strainer is placed between the end of the suction 
pipe and the tank hose as shown in Fig. 42, An exterior view 
of the Sellers strainer is shown in Fig. 44 with a cap a turned 
out of position so that the strainer b, here shown partly with- 
drawn, can be removed for cleaning. 

The strainer can be removed by slackening the nut on the 
fixed stud ¢ and the nut on the T-head bolt d, which is pivoted 
at the upper end. The bolt d is then pulled ont of a slot ia 
the cap and the cap turned to the position shown. The gas- 
ket ¢ makes a water-tight joint between the cap and the body of 
the strainer. 
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TANE VALVE 
89. The purpose of the tank valve, two of which are 
applied to a tank, is to admit water to the gooseneck and thence 
to the suction pipe of an injector, A perspective view of one 
type of tank valve with one side as well as the wall of the tank 
broken away is shown in Fig. 45. The tank valve @ that 
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normally rests on its seat b in the tank-valve chamber ¢ is oper- 
ated by the lever d, through the medium of the rod e¢, the arm f, 
and the link g. The rod ¢ is carried at the ends in the outer and 
immer walls of the tank. The tank valve is covered by a per- 
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forated brass plate 2 so as to prevent dirt from getting into the 
suction hose. A rubber gasket i makes a water-tight joint where 
the tank-valve chamber is bolted to the bottom of the tank. The 
gooseneck, a part of which is threaded for the suction hose, is 
bolted to the bottom of the tank-valve chamber c. A plug p 
in the gooseneck permits the tank to be drained when necessary, 
and it also permits the tank valve to be opened should the 
operating parts become disconnected, The tank valve is shown 
seated, but it can be kept in open position by removing the pin J, 
from the bracket #2 and inserting it in the hole after the handle 
has been raised.. When the valve is unseated, the water passes 
from the chamber enclosed by the plate h, through the opening 0 
to the chamber c as shown by the arrows. 


DISORDERS OF SINGLE-JET INJECTORS 


GENERAL CONSIDERATIONS 


90. Conditions Assumed.—In considering injector disorders 
it is necessary to regard the tank valve, the suction pipe, the 
hose, the hose strainer, the delivery pipe, and the boiler check- 
valve as if they were parts of the injector because any disorder 
in these parts will affect its operation. The causes for a failure 
of the injector to operate properly are usually found in the above 
parts, as about the only disorders in the injector that would lead 

,to trouble are worn out or loose tubes, or clogged openings in 
the combining tube. 

The length of time that the tubes will wear depends largely on 
the condition of the feedwater ; if the water carries solid matter 
in minute particles, such as sand, the tubes will wear out very 
rapidly, owing to the wearing action of the solid matter in the 
water. The most wear occurs where the velocity of the water 
is the greatest or at the smallest diameter of the delivery tube. 
When sufficient wear occurs, the velocity of the water that enters 
the tube will not be transformed into sufficient pressure in the 
delivery pipe to open the boiler check-valve, and the injector will 
break. 

Another cause for the failure of the delivery tube to convert 
the velocity of the water into pressure is due to the pitting 
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action of the nncondensed particles of steam that are carried 
with the water into the delivery tube. The steam particles 
are forced out against the bore of the tube and pit or roughen 
it just beyond its smallest diameter, The surface of the tube 
finally becomes so rough as to decrease the velocity of the 
water to such an extent that enough pressure is not developed 
to open the check-valve, and the injector breaks. 

The pitting action of the steam is greater when the injector 
jg wotked at or near its minimum capacity than when it is 
worked at its maximum capacity. The reason is that there is‘ 
more steam in the water when the injector is worked at less 
than its capacity than when worked at its full capacity. 

Wet steam has a cutting effect on the steam nozzle and will 

‘interfere with the function of this nozzle in transforming steam 
at a high pressure and a comparatively low velocity into steam 
at a low pressure and an extremely high velocity. 

Worn tubes will be indicated by a gradual failure of the 
injector to start properly as well as by the discharge of more or 
less water at the overflow when the injector is working. One 
injector should not be operated continuously but both should 
be worked in turns. 

The vibration of the locomotive sometimes causes the tubes 
fo unscrew and loosen in the injector body and result in a failure 
of the injector. 


INJECTOR WILL NOT PRIME 


91, Causes.—The principal causes for the failure of an 
injector to prime are as follows: No water in the tank, strainer 
stopped up or loose hose lining, air leaks in suction pipe, water 
in the suction pipe or in the tank too hot, tank valve closed or 
disconnected and shut, obstruction in injector tubes, leaky inlet 
valves, the tank cover air-tight, or obstructed overflow pipe. 


92. Strainer Stopped Up or Loose Hose Lining.—The 
strainer, if stopped up, can be blown out by converting the 
injector into a heater. The liability of the strainer’s becoming 
stopped up is lessened by taking care to prevent coal or any other 
foreign substance from getting into the manhole of the tank 
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in taking water or at any other time. For this reason the back 
of the tank should always be kept clean. A loose hose lining 
obstructs te passage of water through the hose. 


93. Air Leaks in Suction Pipe—A leak of air into the 
‘piiction pipe above the water level in the pipe, prevents the 
injector from forming the required vacuum to raise the water, 
The leaks can be located by closing the tank valve, and open- 
ing the steam valve of the injector enough to cause the leaks to 
show. If the hose and suction pipe are moved from side to 
side, leaks may show that otherwise would not be located, 
Slight leaks in the suction pipe cause the injector to work with 
a rumbling sound. 


94. Water Too Hot in Suction Pipe or Tank.—Feed-water 
that is heated above normal temperature may have one of two 
effects upon the operation of the injector, depending upon the 
temperature to which the water is heated. The temperature at 
which water boils and gives off a steam vapor depends on the 
pressure on the water. As the pressure lessens, the water will 
boil at a lower temperature. 

Tf the temperature of the water is sufficient to cause the 
water to boil and generate steam under the partial vacuum 
required to raise the water to the injector, the steam will so 
reduce the vacuum as to prevent the water from being lifted to 
the injector. If, on the other hand, the temperature of the 
water is not such as to generate steam under the vacuum 
established, but is too hot to condense all of the steam issuing 
from the steam nozzle, then a portion of the steam will pass 
uncondensed through the injector and cause it to break, because 
not sufficient velocity is given to the water in the combining tube 
to develop enough presstire in the delivery tube to open the 
boiler check-vaive, 


95. If the water is merely hot in the suction pipe, the hot 
water can be blown back into the tank by using the injector 
as a heater. Cold water must be added, if the water in the 
tank is too hot, although sometimes the injector can be made 
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to work by reducing the steam pressure by partly closing the 
valve in the cab turret, 

Hot water in the tank or in the suction pipe is caused by 
the improper use of the injector as a heater, by leaks in the 
steam valve of the injector, or by a leaky boiler check-valve or 
line check-valve. 

To ascertain whether the boiler check-valve or the injector 
steam valve is leaking, the valve at the cab turret should be 
closed. If the injector steam valve leaks, the discharge of 
water and steam at the overflow will stop ; but if the check-valve 
leaks, the discharge will continue. With a combination boiler 
check and stop-valve, the check-valve can be reseated by clos- 
ing the stop-valve and removing the cap nut. 

Where no stop-valve is used, the check-valve may be seated 
by pouring cold water on the case, and lightly tapping it, or 
by starting the injector and then causing it to break. The 
injector may be started by opening the frost cock in the delivery 
pipe, if there is one, or by slacking off carefully on the spanner 
nut, thereby reducing the pressure in the delivery pipe and per- 
mitting the injector to prime. When the injector is primed, it is 
easily started, and in most cases, if the feedwater supply is then 
shut off, the injector will break and in so doing will cause the 
check-valve to seat. 


96. Tank Valve Disconnected and Shut.—lIf the tank valve 
hecomes disconnected from the valve rod, and the valve is closed, 
it can be held open by inserting a piece of wood of the required 
length through the opening made by the removal of the plug k, 
Fig. 45. The strainer above the check-valve prevents it from 
being blown off its seat by converting the injector inio a heater. 


97, Obstruction in Combining Tubes.—The openings in 
the combining tubes of single-jet injectors may become incrusted, 
and restrict the discharge of air and steam when the injector 
steam valve is opened. The injector cannot be started because 
some of the steam blows back and forms a pressure in the suction 
pipe. The remedy is to remove the tubes at the first opportunity 
and place them in a bath consisting of one part of muriatic acid 
to ten parts of water. The tubes should be removed as soon as 


74 LOCOMOTIVE INJECTORS 


the gas bubbles cease to be given off, otherwise the acid will 
attack the nozzles and will pit and rough them. 


98. Leaky Inlet Valves.—Leaky inlet valves with the 
Sellers and Simplex injectors permit steam to pass back: into 
the suction pipe and prevent the injector from priming. A 
leaky inlet valve with a Simplex injector can be cut out by 
closing the plug cock. Leaky hinge chetk-valves with the non- 
lifting types of Sellers and Nathan injectors will not affect the 
operation of the injector unless an effort is made to make the 
injector work with hot water. 


99. Tank Cover Air-Tight——A failure of the injector to 
prime may be due to a tank cover that is air-tight ; in any event 
if the air cannot enter the tank freely, the injector will finally 
break, and cannot be started again. When the tank cover 
freezes air-tight, the air entrapped in the tank expands as the 
water is withdrawn and the pressure exerted by the air lessens 
until it is not sufficient to force the water into the injector. 


100. Obstructed Overflow Pipe—If the overflow pipe is 
badly obstructed by scale or other causes, the steam and the 
water cannot escape freely when the injector is being started, and 
a back pressure will form in it that will prevent it from operating, 


INJECTOR PRIMES BUT BREAKS OR SPILLS WATER 


101. Causes——The causes for an injector’s priming but 
breaking or spilling part of the water at the overflow as soon as 
the starting lever is pulled all the way back are as follows: 
Boiler check-valve sticks and fails to lift properly, delivery tube 
worn or obstructed, feedwater too warm, or loose tubes, 


102. Boiler Check-Valve Sticks.—If the boiler check-valve 
sticks shut, or will only lift slightly, the injector will prime but 
will break as soon as the injector steam valve is opened wide, 
Tn this event, the other injector should be operated. 

A boiler check with a reduced lift is also sometimes indicated 
by the fact that the injector will work satisfactorily at a low 
steam pressure and will discharge part of the water at the over- 
flow with a high steam pressure. The explanation is that less 
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water is delivered with a low steam pressure and the boiler 
check with a reduced lift can accommodate the supply while with 
a higher steam pressure the boiler check cannot take care of the 
additional water and a part spills at the overflow. 


103. Delivery Tube Worn or Obstructed.—If the delivery 
tube is badly worn, the water in the delivery pipe cannot be 
brought up to the required pressure by the jet in the combining 
tube, to open the boiler check-valve, The injector therefore 
breaks. 

The obstruction in the tube may be due to a piece of coal 
or waste. The other injector should be worked until repairs 
cant be made, 


INJECTOR PRIMES AND FORCES BUT BREAKS FREQUENTLY 


104. Causes.—If the injector primes and forces, and after 
working for a short or a loug time, suddenly breaks, and this 
action is repeated frequently, the trouble may be due to one of the 
following causes: (a) Leaks in the suction pipe above the water 
level that are caused by a sudden jarring of the locomotive; 
joose connections at the hose or suction pipe couplings; or by 
kinks in the hose; (b) water low in the tank so that the motion of 
the water leaves the tank dry at times, (¢) tank cover air-tight. 


DISORDERS OF DOUBLE-JET INJECTORS 

105. Inspirator Will Not Prime.——-In addition to the causes 
already given for failure of an injector to prime, the Hancock 
lifting inspirator will not prime if the intermediate overflow valve 
wy, Fig, 33, sticks and will not lift or if the valve ¢ is not stean- 
tight, With a sticky intermediate overflow valve all the water 
from the lifter tube ¢ has to pass through the openings 9’ to the 
forcer tube v, and the water cannot do this without exerting a 
hack pressure on the water that is discharging through the 
front end of the lifter tube into chamber d’, The intermediate 
overflow valve can be examined by removing the cap nut /. 

If the valve ¢ leaks considerably, the steam will pass by it 
through the opening g' and back through the lifter tube ¢ to the 
suction pipe and to the overflow pipe as soon as the valve y is 
moved back to priming position. The valve s can be tested by 
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closing the regulating valve c’ and moving the valve y to priming 
position. Steam will discharge at the overflow pipe, if the valve z 
leaks, because the steam that passes the valve y is trapped in 
chamber /’ when the valve c’ is closed. The overflow pipe can 
be tested to ascertain whether it is clear by seeing whether the 
injector will prime when the pipe is uncoupled. 


106. Inspirator Primes But Will Not Force.—In addition 
to the causes already given for an injector failing to force water, 
the inspirator will prime but will not force if the intermediate 
overflow valve zw, Fig. 33, leaks or if there is a leak between 
its removable seat and the injector body, or if an improper 
relation exists between the opening of the valve zg and the clos- 
ing of the final overflow valve +. 

If the intermediate overflow valve leaks or if the valve or its 
removable seat leaks, the water which is under pressure in the 
delivery pipe and in chamber e’ will return by the valve to 
chamber d’ and interfere with the delivery of water through the 
lifter tube ¢. A leaky intermediate overflow valve is indicated 
when the injector gradually works weaker and finally breaks 
after being started. 

In order that the inspirator may work properly, too much lost 
motion must not be permitted in the connections between the 
lever e and the final overflow valve «; otherwise the proper 
relation will not be maintained between the opening of the valve 
g and the closing of the final overflow valve. The valve ¢ must 
be opened wide enough for sufficient steam to pass by to force 
the water into the boiler before the overflow valve + closes, If 
the final overflow valve # closes before the valve zg opens far 
enough, the inspirator will break, after being primed. The 
reason is that the premature closing of the final overflow valve 
before the jet of water forms in the forcer tube causes the water 
in the tube to exert a back pressure on the water that is passing 
through the lifter tube. 

A leaky final overflow valve will cause water to waste at 
the overflow when the inspirator is working, because this valve 
is then subjected to the pressure of the water in the delivery 
pipe, or to a pressure in excess of the boiler pressure. 
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ARRANGEMENT AND OPERATION 


INTRODUCTION 


1. Comparison Between Injector and Pump.—As far as 
fuel costs are concerned there is practically no difference whether 
a boiler is supplied with feedwater by an injector or by a pump. 
An injector requires much more steam to deliver the same 
quantity of water to the boiler than a pump, because the injector 
heats the feedwater, whereas the pump does not. It would seem, 
then, that a pump would be the more economical device to use. 
However, a proper comparison between the merits of the two 
devices does not stop at the delivery of the feedwater to the 
boiler. After the cold water delivered to the boiler by the pump 
absorbs enough heat to raise the water to the same temperature 
as that delivered by the injector, the cost in fuel of feeding the 
boiler is about the same in both cases. The cost of the operation 
of a pump is slightly greater hecause the exhaust steam from a 
pump is wasted, whereas an injector is practically a pump in 
which the actuating steam is condensed. 


2. Heating Feedwater—When considering the feeding of 
the boiler by feedwater heating equipment, it must not be over- 
looked that the injector is also a feedwater heating device. How- 
ever, with the injector, the heating of the feedwater is done by 
live steam from the boiler; with feedwater heating equipment, 
the water is heated by exhaust steam that otherwise would be 
wasted. The saving in the employment of feedwater heating 
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equipment is, then, brought about by using exhaust steam instead 
of steam from the boiler to heat the feedwater. 

The use to which the saving is put will vary on different rail- 
roads as well as under different operating conditions. If it is 
desired to effect an actual reduction in fuel consumption, then the 
same train loads and the same speeds could be maintained with 
less fuel than before the feedwater equipment was applied, If, 
on the other hand, an increase in the earning capacity per loco- 
tnotive mile is desired, which is usually the case, then the fuel 
consumption would remain the same as before the feedwater 
equipment was installed, and the saving due to the sustained 
and increased boiler capacity would he reflected in a higher 
drawhar pull and hence the movement of heavier tonnage at 
higher speeds. 


3. The saving in fuel with feedwater heating equipment 
and with the same weight and speed of train is due to the fact 
that heat is heing returned to the boiler other than by way of 
the firebox, this requiring the burning of less fuel. The increase 
in the steam-generating capacity of the boiler is due to not taking 
steam from the boiler to heat the feedwater as with an injector, 
the saving in fuel being then equivalent to an increase in the 
capacity of the boiler to generate steam by an equal amount. 
Against the saving in fuel or the increase in the capacity of the 
boiler must, of course, be charged the greater cost of the fecd- 
water apparatus, as well as the cost of its maintenance as com- 
pared with an injector. 


4, The reason why a pump is selected to deliver the water 
to the boiler when the heating of feedwater is considered, is that 
if an injector were used it would be merely a matter of adding 
a small quantity of heat to feedwater that was already heated by 
live steam. ‘This would result in only a small saving in compati- 
son with that made by a feedwater pump where all the heating 
of the feedwater is done by exhaust steam. With an injector 
operating at capacity, the water is heated by steam from the 
boiler to a temperature of about 160° F. If then put through a 
heater the temperature could possibly be raised about 75 degrees 
higher. With a feedwater heating apparatus, all of the heating 
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is done by the exhaust steam, that is, the feedwater may be raised 
from 60° IF. to 235° F., or a total of 175 degrees, with heat that 
would otherwise escape unused. 


5. Heat Used When Forcing Water With Injector.—It is 
not possible to force water with an injector without raising its 
temperature a considerable amount. Hence, an injector is an 
extremely wasteful device if the temperature of the water that 
is to be delivered is imma- 
terial, that is, if it is not 
necessary that the water be 
heated. This waste is due 
to the large volume of steam 
that is absorbed by the 
water before it is raised to a 
velocity that will permit it 
to be forced into the boiler. 
Actually, only a small 
amount of steam or heat is 
required to force the water | 


Ared=1 Sq. in. 


into the ‘boiler in compari- 
son with the amount ab- 
sorbed in heating the water. 
A pump is much more eco- 
nomical when the delivered 
water does not require to 
be heated, but an injector 
would be equally as econom- 
ical if it could force water without heating it. 


Fre. 1 


6. The method of calculating the work done in forcing one 
pound of water into the boiler can be more readily understood by 
referring to Fig. 1, in which the boiler under a pressure of 100 
pounds to the square inch is supplied with water through a pipe 
with an area of 1 square inch. The water reservoir with an 
inflow assumed to he just equal to the outflow to the boiler is 
elevated to such a height that the column of water exerts a pres- 
sure of 100 pounds on the check-valve, which has an area of 
I square inch. To exert a pressure of 100 pounds on the check- 
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valve, the column of water if at a temperature of 60° F. will 
be 230.8 feet high, so that 1 pound of water will be repre- 
sented by a height of 2.308 feet. For every inch the column of 
water lowers by flowing to the boiler, an inch is added to the 
top of the column, so when 1 pound of water is transferred to the 
boiler, the column of water of a height of 230.8 feet moves down 
2.308 feet. The number of foot-pounds of work performed by 
the water when it lowers this amount is equal to the weight of the 
water multiplied by the distance it lowers, or 1002.308, or 
230.8, foot-pounds. The foregoing will be evident when it is 
remembered that the work expended in raising 1 pound of water 
1 foot is 1 foot-pound, so that when the same weight of water 
is permitted to lower the same distance, an equal amount of work 
will be performed. 


7. The following table gives the weight of a cubic foot of 
water at different temperatures and the head of water in feet 
corresponding to a pressure of 1 pound per square inch. Witha 
boiler pressure of 200 pounds per square inch, the head of water 
will have to be twice as high and the foot-pounds of work done 
in putting one pound of water into the boiler will be twice as 


TABLE I 


HEAD OF WATER IN FEET CORRESPONDING TO A 
PRESSURE OF ONE POUND PER SQUARE INCH 


Pemper- Head in Feet || Temper- Head in Feet 
ature of Weight of Equal to 1 ature of Weight of Equal to 1 
Water Cubic Foot Pound Per Water Cubic Foot Pound Per 
Deg. F. Sq. Tn. Deg. FL Sq. In, 
39,1 62,4250 2.3067 130 61.5320 2.3402 
40 62.42398 2.3068 140 61.3432 2.3474 
50 62,40735 2.3074 150 61.1413 2.3592 
60 62,36975 2.3088 160 60.9266 2.3635 
70 62.31015 2.3110 170 60.6988 2.3723 
80 62.2283 2.3140 180 60.4608 2.3818 
90 62.1253 2.3179 190 6(3.2128 2.3915 
100 62,0033 2.3224 200 59,9569 2.4017 
110 61,8626 2.3277 210 59.6935 2.4123 


120 61.7053 2.3336 212 59.6400 2.4144 
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much, or 2.308 multiplied by 200, or 461.6 foot-pounds. Thus, 
the number of foot-pounds of work necessary to force 1 pound 
of water into the boiler is equal to the boiler pressure in pounds 
per square inch, gauge, times 2.308. This latter figure will vary 
slightly with the temperature of the feedwater. One British 
thermal unit is equivalent to 778 foot-pounds, hence the number 
of B. t. u.’s expended in putting 1 pound of water into the boiler 
under a pressure of 200 pounds is 
2.308 200 
778 
8 Next let it be assumed that it is desired to ascertain the 
number of B, t. u.’s required to deliver, say, 35,000 pounds of 
water per hour, against a pressure of 200 pounds, the tempera- 
ture of the delivered water being 154° F. The calculation then 
becomes 


= 5933 B. t. u.’s or about # of 1 B.t. u. 


55> Moo; 
SS 21,189 Bt. as, 
ees 


The number 2.355 represents the height of a column of water at 
154° FP. required to exert a pressure of 1 pound. It requires a 
higher column of water to exert the same pressure, as the tem- 
perature is raised because of the expansion of the water. 

The quantity of heat required to raise 35,000 pounds of water 
fram 60° Tf. to 154° F. ean be found as follows: The increase in 
temperature tg 154—60 or 94 degrees, Fach degree of increase 
per pound represents the expenditure of 1 B.t.i, hence it 
requires 35,000X94 or 3,290,000 B. t. t's to heat the water to 
the delivering temperature, so that for each B.t. a. expended 
in putting the water into the boiler, about 155 B. t. u.’s are 
expeaded in heating it. This is very wasteful, considering that 
the water can be heated by other means than hy exhaust steam. 
The flow of water through the pipe and the check-valve creates 
considerable friction which has not been considered in the fore- 
going problem. 
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ELESCO FEEDWATER HEATING EQUIPMENT 


DESCRIPTION 


9. Arrangement.—The arrangement of the various parts of 
the Elesco feedwater heating equipment is shown in Fig. 2, which 
shows the recommended positions of the parts. The steam- 
operated pump is mounted on brackets riveted to the boiler shell 
and the heater in which the feedwater is heated hy exhaust steam 
from the cylinders is mounted in advance of the smokestack. 
The suction pipe supplies the pump with water from the tender, 
the pump discharge pipe conducts the water under pressure to 
the heater, and the heater discharge pipe discharges the water 
through the check-valve into the boiler. The condensate that is 
formed from the condensation of the exhaust steam in the heater 
is returned to the tender through a condensate pipe, and the oil 
skimmer serves to remove most of the lubricating oil from the 
condensed water. The pump is operated by a pump throttle in 
the cab, which controls the flow of steam through a pipe to the 
pump; a heater pipe is used to convey steam to the suction pipe 
for heating the water and preventing it from freezing in cold 
weather. Exhaust steam from the air compressors and the feed- 
water pump is conducted to the heater through the piping shown. 


10. Operation—The operation of the Elesco feedwater 
heating equipment can be more easily understood from the simple 
diagram shown in Fig. 3. The admission of steam to the pump, 
following the opening of the pump throttle, causes the steam 
pistons to move up and down, thereby imparting a similar move- 
ment to the water pistons. Any air in the water cylinders is 
expelled and the partial vacuum that results causes atmospheric 
pressure to force water from the tender to the pump. From the 
pump, the water is forced through a pipe a to the heater, where 
it passes through a series of small tubes surrounded by exhaust 
steam from the cylinders. In these tubes much of the heat of 
the exhaust steam is transferred to the feedwater before it enters 
the delivery pipe } leading to the boiler. The condensation that 
occurs from the contact of the exhaust steam with the cold heater 
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15—Cab Gauge Pipe 
16—Squirt Hosa 
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Fig. 3 


tubes is returned by gravity 
through the condensate line ¢ to 
the tender, where the oil skimmer 


removes the lubricating oil. 


FEEDWATER HEATER 


11. Description —The Elesco 
feedwater heater is a cylindrical- 
shaped device about 5 feet long 
and 2 feet in diameter and its 
purpose is to heat the cold feed- 
water with the exhaust steam 
from the cylinders. It may be 
considered as being made of two 
main parts, namely, an assembly 
of tubes between two tube plates, 
known as a tube bundle, and 
through which the water is 
pumped, and an outer shell or 
bady with flange connections for 
the exhaust steam and other pipes. 
In Fig. 4, the nuts have been re- 
moved from their studs and the 
tube bundle a with the headers b 
is shown partly withdrawn from 
the body ¢, Only one of the tube- 
sheets a, Jig. 5, of the tube bundle 
is bolted to the end of the heater ; 
the tube-sheet 6 at the other end, 
on account of the variation in the 
expansion of the copper tubes and 
the steel shell of the heater, is 
free to move and is sometimes 
called the floating end. This end 
of the heater is closed by a casing 
c, Fig, 5. 

The water inlet and the water 
outlet, Fig. 4, and the conden. 
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sate pipe connection j, Fig. 5 (a), as well as the exhaust steam- 
pipe connections # are located on the body of the heater as shown, 
The headers d and ¢ that are bolted to the tube-sheets compel the 
water to make the proper number of passes through the tube 
bundle of the heater. On its way to the boiler, the water passes 
back and forth through the heater twice, so that it travels four 
times the length of the tube bundle. 

With the locomotive in operation, the heater fills with exhaust 
steam from the cylinders and so surrounds the tubes of the tube’ 
bundle and heats the water that is flowing through them on its 
way to the boiler. 


12, Tube Bundle.—The tube bundle, Fig. 5 (a), comprises 
a large number of copper tubes f, supported by the tube-sheets a 
and b, to which the headers d and e are bolted. The tubes are 
secured at the ends to the tube plates by a special steam-tight 
grooved and tapered joint. As already stated, the tube-sheet at 
one end is bolted to the body of the heater; the other tube-sheet 
is free to move within the body and hence is called the floating 
tube-sheet or plate. Each tube contains a corrugated spiral 
copper strip g, called an agitator, the purpose of which is to mix 
up the water as it passes through the tube, thus insuring an even 
heat. The tubes are protected or shielded by a series of guard 
plates h, view (b), (also see Fig. 4) placed around them and 
held together around the tube bundle by the links i. The guard 
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plates are perforated with large holes as shown, so as to permit 
of a free circulation of exhaust steam around the tubes. 


13. Headers.—The complete tube bundle is divided into 
four groups or quarters, Fig. 5 (b), with spaces between them, 
The headers d and ¢, Fig. 15 (a), are belled out to form compart. 
ments, each of which is encircled by flanges and gaskets so that 
the compartments are kept separate when the headers are applied 
to the tube-sheets. A header that encloses one of the four groups 
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or one nest of tubes of the tube bundle is known as a quarter- 
header, and one that takes in two groups of tuhes is called a half- 
header, 

The header arrangement on the heater depends on the direc- 
tion or the angle of approach of the feed-water pipes. When the 
half-header on the main end is horizontal, then the two half- 
headers on the floating end must be vertical, When the halt- 
header on the main end is vertical, the two half-headers on the 
floating end must be horizontal. 
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As already mentioned, the headers compel the water to make 
four passes through the heater before entering the discharge 
pipe. Thus, in Fig. 6 the water is discharged by the pump into 
a quarter-header and the group of tubes marked 1, and passes 
through to the half-header at the far end, which connects groups 
{and 2. The water then passes back through group 2 to a half- 
header at the near end, which connects groups 2 and 3. Next, 
the water flows through group 3 to the far end and passes through 
another half-header at this end to group 4, and thence to a 
quarter-header at the near end, whence it flows to the boiler. 


Fig. 7 


The floating tube-sheet does not make a tight fit in the heater 
body, hence the exhaust steam also surrounds the two half- 
headers at this end, The condensate that forms from the con- 
densation of the steam is drained into the floating header casing, 
where it passes through the pipe connection 7 shown in Fig, 5 
(a) and is carried by gravity by the condensate return to the 
tender, 


14. Body.—The body or exterior part of the heater is a 
cast-iron cylindrical-shaped casting that contains two large pipe- 
flange connections ¢ and b, Fig. 7, for the pipes used te convey 
the exhaust steam from the cylinders and several reinforced 
pipe-tapped holes for the pump and compressor exhaust-pipe 
connections. [Each end of the body is machine-faced, and holes 
are drilled and tapped out for studs used to secure the fixed tube- 
sheet to one end and the floating header casing to the other. All 


exposed surface of the body is covered with insulation to prevent 
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radiation of heat, and a sheet-metal jacket is applied over the 
insulation to keep out moisture and to provide a surface that can 
be painted. 
PUMP 
15. Description—The purpose of the pump is to draw 
water from the tender and force it through the heater and thence 
into the boiler, An exterior view of a.CF-1 type of pump is 


shown in Fig. 8, and in Fig. 9 is shown a sectional view with the 
valves arranged to make the operation more evident. Actually 
the water valves are placed one behind the other. At a the 
water is drawn into the pump from the tender and is discharged 
at b, it being assumed that the pump is mounted on the left side 
of the boiler. The pump comprises two separate pumps, each 
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one acting independently of the other. In some types one pump 
is controlled by the other. Each pump has a steam cylinder and 
a water cylinder and is double-acting, that is, water is pumped 
on both strokes. The steam piston in the upper cylinder oper- 
ates a water piston in the lower cylinder, and as the valve 
mechanism of each of the upper cylinders corresponds exactly 
to that of the Westinghouse 94-inch air compressor, no further 
description of the steam end is required. 


Bin. 9 


The lower end of the water cylinder is furnished with an inlet 
vaive ¢ and a discharge valve ¢ and the upper end is similarly 
equipped with an inlet valve e and a discharge valve f. The 
chambers g and jt below the inlet valves are in conmuunication 
through the openings shown to the inlet passage i, which, as 
shown by dash lines, leads across the pump to the two inlet valves 
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in the casing 7 for the water cylinder on the other side of the 
pump. The chambers @ above the discharge valves communi- 
cate with a passage J, also shown by dash lines, which leads to 
the space above the discharge valves on the opposite side of the 
pump and to the discharge-pipe connection 6. The arrangement 
of the inlet and the discharge valves in the case j are the same as 
just described. The water cylinders are lined with renewable 
bronze bushings, and the piston rod connecting the two pistons is 
made steam-tight by means of a stuffingbox, the packing, and a 
nut on both the steam and the water cylinders. Both pistons 
are also supplied with suitable packing rings. 


16. Operation—On the upward stroke of the water piston, 
a partial vacuum forms in the lower end of the cylinder. The 
pressure of the atmosphere on the surface of the water in the 
tender then forces the water through the suction pipe, raises the 
valve c, Fig. 9, and passes through passage im to the lower end 
of the water cylinder. On the downward stroke of the water 
piston, the inlet valve ¢ closes by its weight and the pressure of 
the water; the discharge valve d then rises and the water is 
forced out to the discharge passage 7 and thence through the 
discharge pipe to the heater and the boiler. As the piston 
descends, the water is drawn into the upper end of the cylinder 
through the inlet valve e and passage 7 and on the return stroke 
is discharged through the discharge valve f to chamber k and 
passage / to the heater. 

With both pistons in operation, there are.always two inlet 
valves and two discharge valves unseated. This causes a steady 
flow of water through the heater and also through the check- 
valve, so that it is kept open and is given little opportunity to 
hammer on its seat unless both pumps reverse simultaneously. 
The amount of water delivered to the boiler is dependent on the 
speed of the pump. 

OIL SKIMMER 


17. Purpose—A considerable quantity of water can be 
saved by returning the condensate from the heater to the tank: 
this is an important item where high-speed traffic is concerned. 
However. before this water can be used again, the lubricating 
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oil must be removed; otherwise it will cause the water in the 
boiler to foam. The oil skimmer is designed to remove the oil 
before the condensate is permitted to mix with the water in the 


tender. 


T 


18. Operation—The condensate enters the skimmer at a, 
Fig. 10 (@) and is conveyed to a point near the floor of the tant, 
where it flows out into the first compartment b. The oil ce, 
being lighter than the water, rises to the top of the water in the 
skimmer, The clear water flows over the partition plate ¢ to 
the hottom of the overflow pipe e, through which it leaves the 


(@) (4) 
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skimmer at f and mixes with the other water in the tender. 
When the water level is at a maximum, as when the tank has 
been filled to capacity, view (), the water from the tank enters 
the skimmer at f and raises the oil up far enough to flow out 
through the oil overflow pipe g. This is the only time when the 
oil flows out of the skimmer; at other times it remains trapped. 
In the event of the water being low in the tender, the water level 
in the skimmer cannot sink below the mouth f of the overflow 
pipe ¢, as shown in view (c). This insures that no oil is per- 
mitted to escape from the trap. A drain pipe should he placed 
in the bottom of each compartment so that the skimmer may be 
drained and damage prevented when the engine is stored in 
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severe weather. The pipe A serves to maintain atmospheric 
pressure in the skimmer. 


19, Condensate-Return Tank.—When the heater is located 
at such a low elevation, as on the pilot, that the water will not 
drain back to the tender by gravity, a condensate-return tank is 
necessary, The condensate drains into this tank and is forced 
out by air pressure admitted from the main reservoir, A con- 
densate trap is installed below the cab where the condensate dis- 
charge is connected to the pump suction pipe. 


WORTHINGTON TYPE BL FEEDWATER HEATING 
EQUIPMENT 


GENERAL DESCRIPTION 


20. The Worthington feedwater heater is of the open type, 
whereas the Elesco heater is of the closed type. The exhaust 
steam with an open heater mingles directly with the feedwater ; 

_with a closed heater the exhaust steam does not come into direct 
contact with the water, the steam and the water being separated 
by tubes. 

The arrangement of the Worthington feedwater heater appa- 
ratus is shown in Fig, 11. The principal part of the apparatus 
is a heater, the type BL being shown, which is made up of a 
cold-water pump, a heater, and a hot-water pump, with a steam 
cylinder for the operation of both pumps, the complete assembly 
heing contained in a casting attached to the side of the boiler. 
An exhaust-steam pipe in which is installed an exhaust-steam 
check-valve, conveys exhaust steam from the cylinders to the 
heater compartment of the feedwater heater. A suction pipe 
leads from the tank to the cold-water cylinder of the pump and 
a discharge pipe leads from the hot-water pump to the boiler 
check-valve. The cab equipment comprises a pump throttle, an 
indicator gauge to show the speed at which the pump is working, 
and a connection to the lubricator. Other details will be evident 
from the illustration, 


1—Pump Throttle Valve 5—Suction Heater Pipe &—Delivery Pipe :f--Pump Steam Line Drain 
2—~Pump Steam Pipe 6—Suctian Pipe 9—Pump Exhaust Pipe 12—Exhaust Steam Pipe 
3—Cab Gauge 7—~Feed Pump and Heater 10—Oil Separator 13—~Exhaust Steam Cheek-Valve 


4—Squirt Hose 
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TYPE BL LOCOMOTIVE FEEDWATER HEATER 
21. Operation.—An exterior view of the type BL feedwater 
heater is shown in Fig. 12 and a sectional view is shown in 
Fig. 13. The piston in the steam cylinder operates the piston 
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in the cold-water cylinder and also one in the hot-water cylinder, 
all of the pistons being on the same rod. Each end of the cold- 
water cylinder has at least one suction valve and one discharge 
valve ; the larger pumps have several of each. The same applies 
to the hot-water cylinder. The cold-water cylinder draws the 
water from the tender and delivers it to the heater, from whence 
it is drawn by the hot-water pump and delivered to the boiler. 
s0aD—7 . 
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On the downward stroke of the piston, water enters the cold- 
water cylinder through the suction valve a from the suction 
pipe and is forced out through the discharge valve b to a pas- 


Cold Water 
Spray Valve SE 


Air Vent—| : 


Exhaust Steam Inlet 
from Locomotive Cylinders 


Hot Water 
Cylinder Suction 


sage c that leads to the cold-water spray valve. The water is 
forced through the valve and emerges in the form of a spray to 
the upper part of the heater compartment, which is supplied 
with exhaust steam from the cylinders. Much of the heat of the 
exhaust steam is absorbed by heating the water and the exhaust 
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steam then chills and condenses. The water, including the con- 
densate, falls to the bottom of the heater chamber and then passes 
through the passage d to the hot-water cylinder, whence it is 
drawn in through the suction valve e and forced out through the 
discharge valve f and passage g to the boiler. The pump is 
double acting ; the valves that operate on the upward stroke are 
behind the valves shown and cannot be seen. 


22. Both water cylinders are of the same size, so both 
handle about the same amount of water but, owing to the con- 
densation of the exhaust steam, the hot-water pump is called 
upon to discharge more water than the cold-water pump brings 
in to the heater. This the hot-water pump cannot do and as a 
result an excess of water accumulates in the heater. The float- 
ing bucket / is designed to take care of this condition. This 
bucket floats in the water in the heater and the falling water 
from the spray valve is prevented from passing directly into the 
bucket by the head or cap shown. When the water, as it rises, 
floats the bucket to its extreme upward position, the water flows 
over the top and loads the bucket down, causing it to sink. This 
action causes the ports 7 in the stem to open and permits: the 
water to flow out of the bucket into passage 7 to the return 
valve k, where the water is pumped out by the cold-water pump. 
This water mingles with the water from the tank and ig passed 
up through and into the heater again; while this is taking place 
the flow of water from the tender is reduced. When sufficient 
water has heen pumped out of the heater, the bucket becomes 
partially empty and again rises in the water and closes ports 7; 
the cold-water pump then takes all of its water from the tender. 

Tn heating and turning water into steam in the boiler, a cer- 
tain amount of oxygen is liberated, or set free; this oxygen is 
harmftl to the boiler, as it causes pitting and corrosion of the 
plates. When the water is heated before it enters the boiler, 
much of the oxygen set free is permitted to escape to the atmos- 
phere through an air vent in the heater, so that a large portion 
of the free oxygen does not find its way into the boiler, This 
lessens the tendency for the feedwater to corrode and pit the 
boiler plates. 
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AUXILIARY STEAM CYLINDER 


23. Operation—-Diagrammatic views of the auxiliary 
cylinder as well as a portion of the main steam cylinder of the 
heater are given in Fig. 14 (a), (0), and (c). The auxiliary 
steam cylinder contains the auxiliary plunger a@ that actuates the 
slide valve b and two reversing valves c and d. The port 
arrangement is such that one of the reversing valves operates as 
the steam piston nears the end of its stroke and brings about its 
reversal. Steam pressure is always present in chamber e between 
the two heads of the auxiliary plunger; steam pressure is also 
maintained at the outer ends of the auxiliary plunger by way of 
the steam passages indicated, the reduced section of the revers- 
ing valves, and passages f and g with the piston anywhere in the 
cylinder except near the end of the stroke. Thus, in view (a) 
live steam from passage /# passes to both the top and the bottom 
of the left auxiliary valve; exhaust steam also passes through 
passage 7 to the top and battom of the right auxiliary valve, hold- 
ing them both in their lower positions, thereby causing steam to 
be admitted to the outer ends of the auxiliary plunger. 


24, As the steam piston nears the end of its strolxe to the 
left, the steam piston, view (b), Fig. 14, opens port j and admits 
live steam under the upper end of the right-hand reversing valye, 
which is accordingly forced upwards as it has only exhaust steam 
on top. The valve now permits the steam to escape from the 
outer end of the auxiliary plunger through passage k to the 
exhaust, and unbalances the plunger; the pressure on the left 
end of the plunger then moves it and the slide valve to the right, 
view (c). 

As soon as the slide valve reverses, live steam enters passage i 
and forces the right auxiliary valve downwards again, and the 
auxiliary plunger is once more balanced by the admission of 
steam through passage f. The piston, when nearing the end of 
its stroke to the right, opens port 7 and steam passes under the 
upper end of the left auxiliary valve. The valve is forced 
upwards and the steam exhausts through port # from the outer 
end of the anxiliary plunger, which then moves to the left. With 
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the slide valve moved over to the left, live steam is admitted 
through passage # to the top of the left reversing valve and 
forces it down; steam then again passes to the left end of the 
plunger. To simplify the description and operation of the vatye, 
the cavities that exist on each side of the valve b have been placed 
at the ends and the ports rearranged accordingly. 


EXHAUST CHECK-VALVE 


25. Purpose—The purpose of the exhaust check-valve in 
the exhaust-steam line to the heater is to compel the exhaust 
steam from the feed pump to pass on to the heater instead of to 
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the stack when the locomotive is drifting. It also prevents anv 
flow of exhaust steam from the steam pipe in the reverse direc- 
tion. As shown in Fig. 15 (a) the valve comprises a seat a with 
slots b to retain the valve strips c, and a guard d@ to prevent 
them from lifting too far out of their slots. These parts are 
shown disassembled in view (4). In the event of the removal of 
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this valve, extreme care should be taken when replacing it to see 
that the valve strips open in the direction of the flow of exhaust 
steam to the heater. 
CAB GAUGE 

26. The gauge in the cab is connected to the discharge pipe 
of the feed pump and indicates by a movement of its hand whether 
the pump is running and how fast, but not necessarily the water 
pressure in the discharge pipe. A three- 
way self-cleaning cock, Fig. 16, with a 
@einch passage through it is provided 
with the gauge. In the operating position, 
view (a), the water passes through this 
restricted opening, which reduces the 
throw of the hand to an amount that will 
not injure the gauge. In the cleaning 
position, view (0), the passage is connected to the atmosphere 
and the pressure of the water will then force out any obstruction 
and clear the port. 


Fia. 16 


27. Operating Instructions for B and BL Feedwater Heat- 
ing Equipment.—The following instructions for the operation 
of the types B and BL feedwater heating equipment are issued 
by the manufacturer : 

1. Make certain that the tank valve is wide open. Sometimes the 
handle does not correctly indicate whether the valve is wide open. 

2. Start the pump lubricator 10 minntes before departure and set 
it to feed 2 to 3 drops per minute. 

3. Throughout the run always start the pump soon after the loco- 
motive throttle is opened, and stop it just before the throttle is closed. 

4, When the pump is forcing water into the boiler the Worthing- 
ton cab gauge will indicate as follows: 

The gauge hand will show a pressure higher than boiler pressure 
aud will swing back and forth regularly. Each forward movement 
of the hand indicates one stroke of the pump. The gauge hand should 
not swing more than # inch, 

5. Regulate the speed of the pump so as to maintain a constant 
water level throughout the run. The harder the locomotive is work- 
ing, the faster the pump must be run, 

6. If necessary to run the pump while the locomotive is drift- 
ing, or while a light throttle is heing used, run it slowly at a speed 
that will just supply the water that is used. 
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7. If the water level is to be raised, do so by speeding up the pump 
while the locomotive is using steam. At such time the heater delivers 
the hottest water. 

8 When approaching a station or siding where a considerable 
stop is to be made, raise the water level in the boiler so that by the 
time the throttle is closed for the stop, there will be sufficient water 
to last during the stop. 

9, When the locomotive is working hard the pump delivers the 
water so hot that the pump may race a few strokes when the reverse 
lever is hooked up, or the throttlé partially closed. This racing can 
be prevented by slowing down the pump just before the change is made, 
After a few seconds the pump speed can be increased again without 
causing racing. 

{0. Carry the reverse lever in the same notch that it would be 
carried in if the injector were used. The sound of the exhaust js 
much softer with heater operation because the heater takes + of the 
exhaust steam from the exhaust passage and only $ as much steam passes 
through the exhaust nozzle as with injector operation. Therefore, 
if the position of the reverse lever is set by sound, the lever will be 
dropped down farther than it should be, and too much steam will be 
used. 

11. In cold weather during long stops, or while drifting with the 
pump shut off, the water in the suction pipe and hose is liable to freeze. 
To prevent this, crack the suction steam-heat valve only just enough 
to prevent freezing. Close the valve before starting the pump. Do 
not open this valve too wide, because too much steam will overheat 
the water in the suction pipe and the pump will not raise the water. 
In severe cold weather the pump should be run very slowly while the 
the locomotive is not using steam, and, if necessary, the suction heater 
pipe valve may be cracked also. 

12. The normal pump speeds and capacities are as follows: 


FEEDWATER CAPACITIES 


Pump Normal wee. 

Ne, (ee omcl Aeieat eat ete | ene 
1 78 86 2,400 40 20,000 
2 70 77 3,900 65 32,500 
3 65 72 5,400 90 45,000 
4 54 60 7,200 120 60,000 
44 63 70 8,400 140 70,000 
4h 54 60 10,000 166 83,000 
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If a pump cannot be made to run at its rated speed, or if in order 
to supply its capacity, it has to be run at a speed 10 per cent. higher 
than normal, the pump should be reported for attention. 


CENTRIFUGAL PUMPS 


28. Types of Centrifugal Pumps.—Centrifugal pumps are 
used with the Worthington type S and the Coffin feedwater heat- 
ing equipments explained farther on, and as this type of pump 
has never before been used on locomotives, a description of the 
principle on which it operates becomes necessary. 

Centrifugal pumps are broadly divided into two classes, 
namely, volute pumps and turbine pumps. The cold-water pump 
of the Worthington type S feedwater heating equipment is of the 
volute type; the cold-water 
pump used with the Coffin g 
feedwater heating equip- 
ment is of the turbine type. 


29. Volute Pump.—A 
sectional view of a simple 
type of volute pump is 
shown in Fig. 17. The term 
volute is derived from the 
shape of the passageway 
that surrounds the impeller 
or rotating member a, as the 
heginning of this passage- 
way is narrow at Db and increases gradually in width to the maxi- 
mun. at the entrance to the nozzle at c. The impeller is mounted 
on the shaft d and the water is delivered by gravity to the center 
of the impeller or the openings at e. With the pump operating at 
full capacity, the impeller, which is merely two disks with a num- 
ber of ctirved vanes cast on their interior surfaces, is revolving at 
aspeed of about 3,500 revolutions per minute, As the inner ends 
of the vanes revolve rapidly around in the water, cach vane slices 
off a strip of water and impels or carries it to the outer ends 
of the vanes or to the circumference of the impeller. Here it is 
thrown off in a tangent direction at a high velocity into the 
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yolute passageway and continues around to the inlet of the 
nozzle, where it meets the water that has been previously dis- 
charged. The water in the discharge pipe forward of the nozzle, 
owing to the resistance offered by the boiler check, is moving 
much more slowly than in the pump, and the impact of the water 
at a high velocity against the more slowly moving water causes 
the pressure of the water in the discharge pipe to increase suf- 
ficiently to open the check-valve and enter’the boiler. Hence, 
if it were not for the fact that the water in the discharge pipe is 
moving more slowly than in the pump, there would be but little 
increase in the pressure of the water; that is, if the end of the 
discharge pipe were open to the atmosphere, very little pressure 
would be developed in the pipe. 

The slower movement of the water in the discharge pipe is 
brought about by the boiler check, the opening of which is resisted 
by the boiler pressure. The delivery pipe is always larger in area 
than the opening through the check-valve so that it restricts the 
passage of water through it. If the area of the discharge pipe is 
four times the area through the check-valve, then the velocity 
of the water in the discharge pipe will be only one-quarter of the 
velocity of the water by the checl-valve. 


30. If the water that is moving at a high velocity in the 
pump were permitted to discharge directly against the more 
slowly moving water in the discharge pipe, the result would be 
violent swirls and eddies in the water that would reduce the 
efficiency of the pump. Such an action can be prevented by 
changing from velocity to pressure gradually, and this is accom- 
plished by widening the neck of the pump to form a nozzle. 

Such a construction lessens the velocity of the water and so 
- brings about a gradual equalization of velocities between the fast- 
moving water in the pump and the slower-moving water in the 
discharge pipe. The transition from velocity to pressure will 
then occur less abruptly than if the nozzle were straight. ‘There 
is therefore a gradual decrease of velocity in the nozzle which is 
accompanied by a gradual increase in pressure, the same as occurs 
in the delivery tube of an injector, until the pressure finally 
becomes high enough to open the boiler check. 
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The reason for the gradual enlargement of the volute passage 
is to accommodate the increase in the volume of water delivered 
by the vanes, and so keep the velocity of the water constant. 
For example, the space at f must be large enough not only to 
accommodate the water throw off by the vane g but also large 
enough to permit the water that has already accumulated in the 
passage wp to this point to escape. Thus, the water is maintained 
at a constant velocity in the volute case. ‘The curve of the vanes 
on the impeller conform to the path a particle of water would 
follow if it were dropped on a rapidly revolving flat disk, so that 
the vanes cause the water to be thrown off with the least restric- 
tion to movement. 


Pig, 


31. Turbine Pump,—The difference between a volute pump 
and a turbine pump, shown diagrammatically in Tig, 18, is that 
the latter type of pump has a diffusion ring @ Such a ring is 
shown in detail in Tig. 19, in which the parts @ are the diffusing 
vanes that form the expanding passages b. This ring does away 
with the necessity for having a volute passageway or case, 
although such a case may he used if desired, The impeller 6, 
Fig. 18, serves the same purpose as with the volute pump, but 
the diffusion ring changes the velocity of the water into pressure 
at an earlier stage; that is, the water after being thrown off from 
the impeller passes through the passageways in the diffusion ring, 
each of which serves the same function as the nozzle of a volute 
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pump. These passages widen toward the outlet and so reduce 
the velocity of the water gradually, thereby converting velocity 
into pressure. Hence, the case of this type of pump is under 
pressure in contrast with the case of the volute pump, which is 
subjected to water at a high velocity but at a low pressure. 
The pressure developed by a centrifugal ptuwmp depends on the 
velocity at which the water leaves the periphery of the impeller, 
and this velocity depends on the diameter of the impeller and its 
speed of rotation. The Worthington pump is adjusted for a 
speed of 3,600 revolutions per minute and the Coffin pump is set 
to trip at a speed of about 9,500 revolutions per minute, 


WORTHINGTON TYPE S LOCOMOTIVE FEEDWATER 
HEATING EQUIPMENT 


ARRANGEMENT AND OPERATION 


32. General Description—The Worthington type S loco- 
motive feedwater heating equipment, Fig. 20, consists of three 
distinct elements; the cold-water pump, the hot-water pump, and 
the heater. These parts can be located on the locomotive to 
secure the best arrangement compatible with the available space, 
the distribution of the weight, convenience of operation and main- 
tenance, and the general appearance of the locomotive. 

Cold water from the tender is supplied to the heater by a con- 
stant speed, low discharge pressure, turbo-centrifugal pump, 
operated by a Pyle-National steam turbine and is located directly 
in front of the tender hose. The heater, into which exhaust 
steam from the locomotive cylinders is vented through a pipe, 
is located on or in the smokebox either in front of or back of the 
stack, and is equipped with a spray valve and a heating chamber. 
The water level in the heater is regulated by a float valve located 
in the cold-water inlet, hence the cold-water pump will deliver 
as much or as little water to the heater as is permitted by the 
opening of the control valve. 

The hot-water pump as well as the cold-water pump is driven 
by steam from the locomotive turret, the operating handle of the 
throttle valve being conveniently located near the engineer or 
fireman. The exhaust steam from the hot-water pump is piped 
into the heater, where it assists in heating the feedwater. 
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33. The heater is provided with a drifting control valve 
that atitomatically limits the hot-water pump to a predetermined 
low speed, thus making it inrpossible for the operator to run the 
pump at high speed when the locomotive throttle is closed and 
when there is no exhaust steam available from the locomotive 
to heat the feedwater. This valve is placed in the exhaust pipe 
of the hot-water pump and is operated by the pressure in the 
steam pipe or steam chest of the locomotive. When the loco- 
motive throttle valve is closed or nearly so, the drifting valve 


Fig, 21 


automatically closes, and slows down the speed of the pump, thus 
reducing the amount of water delivered to the boiler. As soon 
as the throttle is again opened, the drifting control valve also 
opens and allows the hot-water pump to resume its normal speed. 

The cold-water pump delivers water through the pipe JJ, 
Fig. 20, to the heater, which is supplied with exhaust steam from 
the cylinders through the pipe 22. The hot water is drawn from 
the heater by the hot-water pump through the pipe 18 and is 
delivered to the boiler through the pipe 75. The steam pipe for 
the cold-water pump is indicated by 5 and the steam pipe for the 
hot-water pump by 6; the flow of steam through hoth of these 
pipes is controlled by the operating valve 2. The suction heater 
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valve is indicated by 3 and the squirt hose connection by 8. The 
hot-water pressure gange is shown at 4. 


Fie. 22 


34. Heater—An exterior view of the heater is shown in 
Fig. 21 and a sectional view in Fig, 22, The exhaust steam 
enters the heater at the point shown, passes up and around the 
water compartment to chamber a, unseats the exhaust check- 
valves b, and enters the water compartment of the heater. The 
cold water from the cold-water pump enters the heater at c and 
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passes first through the water-control valve d, thence to the spray 
valve e, which is forced open against the tension of its spring. 
The water passes through this valve in the form of a spray, 
which, through mixing with the exhaust steam, becomes heated 
and falls to the bottom of the heater. The hot water is drawn 
from the heater at the outlet shown by means of the hot-water 
pump. The water level in the heater is maintained at a pre- 
determined level by the water-control valve. When the water 
level rises to a certain point, the float f lifts and closes the valve d 


Fig, 23 


in the cold-water supply passage; when the water level lowers, 
the valve opens. With the valve closed, the cold-water pump 
is still in operation but it does not build the pressure wp above 
60 pounds. When this pressure is reached the impeller merely 
keeps churning the water. 

The air that separates from the water when it is heated escapes 
through a choke to the air-vent connection g, which is piped to 
-a convenient position near the track. The oxygen of the air if 
permitted to enter the boiler would cause pitting and corrosion. 

The exhaust check-valves, which with this equipment are 
placed in the heater, prevent the exhaust steam from the hot- 
water pump from escaping from the heater when drifting. 
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35. Hot-Water Pump.—An exterior view of the hot-water 
pump is shown in Fig. 23, and in Fig. 24 is shown a sectional 
view. The steam end of the hot-water pump is similar to the 
‘steam end of the BL heater and requires no description. The 
water end of the pump has two inlet valves a and two dis- 
charge valves b for each end of the cylinder, separated it will 
be noted by a vertical partition. With the water piston moving 
to the right a partial vacuum forms behind it in the water 
passage that connects to chamber c, which may be considered as 
a part of the cylinder, so that the water is drawn in through the 
inlet valves and fills the space d behind the piston. On the 


mn 


Fig, 25 


return stroke the inlet valves close, the piston then forces the 
water back into chamber c, the discharge valves then rise, and 
the water passes to chamber ec, which communicates with the 
discharge pipe. 

The pump is double-acting, so when the piston is forcing the 
water out at one end, the water is being drawn in at the other 
end, 

It will be noted that the discharge valves of a water pump, 
unlike those of an air compressor, do not have to be placed close 
to the end of the cylinder. The reason is that water cannot be 
compressed, whereas air can be compressed and hence has to be 
completely expelled at each stroke, otherwise fresh air will not 
enter. A safety valve is provided in the exhaust pipe of the hot- 
water pump between the drifting control valve and the heater 
to relieve any pressure in it. This valve is set at 100 pounds. 

508D—8 
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36. Drifting Control Valve.—The drifting control valve, 
Fig. 25, is placed in the exhaust pipe of the hot-water pump. _ Its 
purpose is to prevent the pump from being run fast while the 
engine is standing or drifting. It is automatic in operation; the 
pump will automatically slow down when the locomotive throttle 
is closed and will speed up again when the throttle is opened, 


The valve is controlled by live steam pressure from one of the. 


steam pipes of the locomotive, led to chamber a by a #-inch pipe. 
When the pressure in this pipe and in chamber a exceeds 
50 pounds, the valve b opens, as shown, against the resistance of 


the spring; exhaust steam from the pump which is present in 
the interior of the valve then passes through it to the heater as 
shown by the arrows. When the pressure in chamber a is 
reduced to less than 50 pounds, the valve b closes, compelling 
. the pump exhaust to pass to the heater through the small orifice 
in the plug c. This restriction of the exhaust from the pump 
slows up its speed, and prevents the feeding of the boiler at times 
when there is little or no exhaust steam passing to the heater 
to heat the feedwater. 


WORTHINGTON TYPE S COLD-WATER PUMP 
37. General Description—-A perspective view of the 
Worthington type S, cold-water pump is shown in Fig. 26 and 
a sectional view in Fig. 27. The water portion is on the right 
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and the steam turbine that drives the impeller in the water end 
is on the left. As the operation of a centrifugal pump has already 
been described, it will be only necessary to consider the details 
of construction. The pump is of the volute type and the impel- 
ler a is keyed to the shaft by the key b and is held on by the nut 
shown. Water enters through the suction inlet ¢ and passes 
through the strainer d into the opening in the impeller. T*rom 
the impeller the water is discharged into the volute passage e¢ 
through which the water passes to the cold-water outlet f. This 


Ax 


Fig, 28 

passageway is drained by the drain cock shown. The passage 
of water along the shaft is prevented by the packing g held in the 
stuffingbox by a gland and a packing nut that is prevented from 
coming loose by the locking device A. The water end of the 
shaft as well as the steam end is carried on ball bearings that 
run in oil, Each bearing has the usual arrangement for adjust- 
ment, and also oil flingers for eliminating the loss of oil. 

In Tg. 28 (a) is shown a section through the impeller; in 
view (b) is shown a perspective view of the interior of the 
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impeller, the section being taken through the line 4-4, view (a), 
so as to show the contour of the water vanes. 


38. Operation of Steam Turbine.—The passage of the 
steam through the steam turbine is shown in Fig. 29. In view 
(a) is shown a section of 
the turbine end at right 
angles to the shaft and in 
(b) is shown a section 
through the nozzle. 

As with the steam nozzle 
of an injector, the nozzle a 
converts heat or the random 
and aimless movement of 
the steam particles into 
work, or into a definite 
movement of the particles 
into a forward direction ata 
high velocity. A pressure is 
developed against the buck- 
ets b by the impact of the 
stream of particles, which 
causes the turbine whee! to 
turn in the direction of the 
arrow. After striking the 
buckets, the steam rebounds 
in the opposite direction as 
shown. The efficiency of the 
turbine can he increased by 
using the steam over again, 
so that the steam is brought 
back into the proper direc- 
tion relative to the bucket 
wheel by directing it through the return-guide passage c. This 
passage reverses the direction of the flow of steam and brings 
it again in contact with the buckets. By this time most of the 
energy of the steam has been expended and it is now permitted 
to pass out to the exhaust. 


Fig. 29 
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39. Governor.—The speed of the bucket wheel, and hence 
the speed of the pump, is governed by the amount of steam that 
discharges through the steam nozzle, and this is regulated by the 
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governor. The governor assembly, complete, is shown in Fig. 
30, and the governor proper is shown in Fig. 31. It is com- 
posed of two governor weights a, a governor spring &, a gover- 
nor yoke c, a spring retainer d, a governor sleeve ¢, and two 
governor adjusting screws f, mounted as one unit on a governor 
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stand g, which also acts as a nut to hold the bucket wheel in 
place. With the shaft, and hence with the governor, revolving, 
the weights move out owing to the action of centrifugal force 
and the heel #, Fig. 30, of the weights makes contact with the 
governor sleeve e, which is free to move outwards on the shaft. 
The movement of the sleeve is resisted when the shoulder ; 
comes in contact with the governor spring retainer, which 
encloses and holds the end of the governor spring. As the inner 
end of the spring is secured by means of a yoke and the governor 


Fig. 31 


screws to the governor stand, the outward movement of the 
governor sleeve is then resisted by the tension of the governor 
spring, that is, the spring is under tension and not compression. 
If the speed of the shaft is so great that the tension of the spring 
is overcome, the end 7 of the sleeve will make contact with the 
thrust block &, which is mounted exterior to the shaft near its 
end. The outward movement of the thrust block is converted 
into a lifting movement at the valve stem J by the bell-crank or 
governor arm m, which is forked so as to yoke around the thrust 
block k and is supported at the ends by two retaining screws 
inserted one on each side of the turbine casing. This arrange- 
ment will be evident from Fig. 32, in which (a) is a horizontal 
section taken through the casing and shows the parts that trans- 
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fer the movement from the governor sleeve to the valve, while 
(b) is a vertical section that shows the same parts as viewed 
from the end. When the arm 1m moves outwards, the other arm 7 
of the bell-crank pushes upwards on the valve stem and throttles 


the steam at the paints @ and /p, thus decreasing the supply of 
steam passing through the nozzle. 

As the speed reduces, the governor weights, owing to the 
reduced centrifugal force, move in again, and the governor 
spring which has been under tension, moves the sleeve inwards 
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and releases the pressure from the thrust block. The valve 
spring q then returns the valve to normal or open position and 
widens the port opening. The governor operates when the speed 
exceeds 3,600 revolutions per minute. 


40, Adjustment.—The governor is adjusted properly at the 
factory and no readjustment should be made unless, when 
checked with a speed indicator, the speed is found to be too 
high or too low. The adjustment is made at two points, To 
begin with, the proper tension must be placed on the governor 
spring, which is done by adjusting the two governor adjusting 
screws f, Figs. 30 and 31, tightening them up the same amount 
for increased speed, and loosening them the same amount 
for decreased speed. Tightening one more than the other will 
result in binding the governor parts. Adjustment for the wear 
of the parts is made by turning the thrust block & farther into the 
holder or outside ring r, thereby decreasing the clearance between 
the block and the governor sleeve. 

Turning the thrust block k into the outside ring or to the right 
raises the valve stem and decreases the speed; turning it to the 
left has the reverse effect. The adjustment is correct when the 
top of the governor valve ¢ is flush with the top of the cage, as 
shown in Figs. 30 and 32 (6). The thrust block is locked by 
the locking pawl s, which falls into slots in the block. 


OPERATING INSTRUCTIONS 


41, The height of water in the boiler is regulated by the 
cab valve, which controls the speed of the hot-water pump and 
the cold-water pump. This operating valve and the lubricator 
for the hot-water pump are the only parts requiring attention 
while the heater is in operation. 

When a hydrostatic lubricator is used for the hot-water pump, 
it is best to open the lubricator feed before leaving time, to be 
sure that the pump will be receiving oil when it is to be started. 
When in operation, the lubricator should be set to feed two drops 
of oil per minute. 

To start the equipment, the operating valve should be opened 
slowly to force any accumulated water from the turbine steam 
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pipe and hot-water pump steam pipe. Then the operating valve 
should be regulated for the required hot-water pump speed. 

The equipment should be run continuously while the lecomo- 
tive is using steam, and the hot-water pump operated at the speed 
necessary to maintain the desired water level in the boiler. 

in making short station stops it is not necessary to stop the 
pumps, as the drifting control valve will automatically take care 
of pump speeds. 

For use in cold climates a small live-steam pipe, known as the 
suction heating pipe, with a 4j-inch choke is provided. This 
pipe leads from the cab turret to the suction pipe of the cold- 
water pump, just in front of the tender hose. When there is 
danger of the suction pipe or tender hose freezing, the valve in 
the suction heating pipe should be open enough to prevent freez- 
ing during the time the pumps are not in operation. In the 
event that the suction water is overheated, the operating valve 
should he closed and the drain cock opened on the cold-water 
pump, allowing cold water to flow into the suction pipe from the 
tank. The drain cock should then be closed and the system is 
again ready for operation. 


42, With feedwater heating equipment it is not necessary 
to All the boiler while the locomotive is standing, in order to be 
ready for a start. The smaller steam requirement of the boiler 
feed pump, as compared with the injector and the heat returned 
to the boiler by the heater, makes it practicable to start the pump 
when the locomotive is started, without losing steam pressure. 
This method of operation gives the best results both from the 
heater and the locomotive. 

If the pump has to be run at a speed that seems excessive for 
the work it is doing, it indicates worn piston packing, leaky 
valves, or choked tank valve, tank strainer or suction strainer. 

If the cab-gauge hand continues to show pressure after the hot- 
water pump has been stopped, it does not necessarily indicate 
that the boiler check-valve is lealky or stuck open, as the pressure 
will be held up if the pump discharge valves are tight. The 
condition of the boiler check-valve aay be tested as follows: 
Completely drain the heater hy opening the drain cock in back 
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of the suction nozzle of the hot-water pump. Then open the 
drain cock in front of the discharge nozzle of the hot-water pump, 
to drain the branch pipe between the pump and boiler check, 
After this is drained, if steam or water continues to escape from 
this open drain cock, it indicates that the boiler check is leaking 
or stuck open. 

The sound of the exhaust from the locomotive is softer when 
using the heater, Allowance should be made for this in judging 
the amount of work the locomotive is doing and in determining 
the position of the reverse lever. 


WORTHINGTON TYPE-SA FEEDWATER HEATING 
EQUIPMENT 


43. General Arrangement.—The general arrangement of 
the type-SA locomotive feedwater heating equipment is shown 
in Fig. 33. As with the type S, the type-SA equipment con- 
sists of three distinct units, namely, the cold-water pump, the 
heater, and the hot-water pump. Cold water from the tender is 
supplied to the heater by a low-pressure centrifugal pump, driven 
by a variable-speed turbine. It will be noted that the steam 
from the operating valve passes to the drifting control valve and 
thence by way of the control valve to the cold-water pump. 
The reason for this is to cause the control valve, which is float- 
operated, to regulate the speed and the capacity of the cold-water 
pttmp in accordance with the water level in the heater. Thus, 
when the water level in the heater rises, the float rises also and 
pulls the control valve down, thereby throttling the steam supply 
to the turbine. A reverse effect occurs when the water level 
lowers. The drifting control valve with this equipment is 
attached to the steam chest of the hot-water pump. This valve, 
as with the type S equipment, automatically reduces the quantity 
of steam for operating both of the pumps when the locomotive 
throttle is closed or in a drifting position, thus limiting the 
amount of water fed to the boiler when there is little exhaust 
steam available from the locomotive to heat the feedwater. 
Steam passes freely to both of the pumps when the drifting 
control valve is open; when it is closed the steam passes to the 
pumps through a small orifice in the valve body. 
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44, Cold-Water Pump.—The cold-water pump, Tig. 34, of 
the SA equipment differs mainly from the one used with he 
type S in that the governor with its valve is not used; instead, 
a simple form of brake arrangement is employed to limit the 
speed of the pump. As already explained, the amount of steam 
admitted to the pump is governed by the control valve, the posi- 
tion of which is dependent on the water level in the heater. The 
turbine end of the pump is virtually the same as the type S and 
requires no description, A comparison of Figs, 27 and 34 will 
serve to disclose the difference between the two types of pumps. 
In the SA pump (Fig. 34), the shaft @ is carried on ball bear- 
ings b that differ somewhat in arrangement from those of the 
other pump. The turbine packing housing c with which is 
incorporated the brake drum @ is bolted to the turbine casing 
of the pump. Any leakage of steam between the turbine pack- 
ing housing and the shaft is arrested by the retainer e, which 
carries three packing rings. The key f serves to key the retainer 
and the turbine wheel to the shaft, and the key g keys the brake 
shoe h to the revolving bucket wheel 7 so that the brake shoe 
revolves with the shaft. The oil slinger # revolves with the 
shaft, and sprays the bearings with lubrication that is carried in 
the oil well shown. The ball-bearing housing cap &, provided 
with an oil trap, returns the oil to the oil chamber as the lubri- 
cation works through the bearing. The pump end of the shaft 
is carried in a bearing / supported by the bail bearing housing a1 
that contains an oil trap # to return the oil back to the reservoir. 
The spacing of the bearings on the shaft is governed by the 
length of the oi! flinger 7 and the bearings are maintained at this 
spacing by the ball-bearing nut 0 in combination with the collar p 
on the shaft a. The impeller g is screwed on to the water end 
of the shaft and the water is prevented from working along the 
shaft by the customary stuflingbox, gland, and nut. The water 
end of the turbine is closed by the pump casing into which is 
built the water strainer r. 


45. The action of the brake will be explained from the 
diagrammatic view shown in Fig. 35, in which the drum @ is cast 
in one piece with the ‘packing housing, and B is the brake shoe 
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keyed to the turbine shaft c. This shoe, which is shaped as 
shown, is 14 inches thick. The slots d are milled in the ends af 
the shoe as shown. As the shoe revolves within the stationary 
drum the ends ¢ of the shoe move out under the influence of 
centrifugal force. When the speed exceeds a certain amount, 
or 6,000 revolutions per minute, the ends will make contact with 
the drum and the friction developed slows down the speed of 
the turbine. When the shoe functions, it emits a shrill piercing 
sound which warns the engineer that the turbine is not delivering 
water to the heater, With no load, this device is intended to 
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prevent the turbine from operating at speeds in excess of 6,500 
revolutions per minute. As the pump is always operating under 
a load the brake seldom operates. The normal speed of the 
pump is 4,500 revolutions per minute. 


46. Hot-Water Pump.—lIn Fig. 36 is shown a sectional 
view of the mechanism of the hot-water pump. With the piston 
moving in the direction indicated and at any position except near 
the end of the stroke, the valve is held to the left. The reason is 
that chamber @ contains live steam which exerts a’ pressure 
against piston 6, although this pressure is partly neutralized by 
the steam that has leaked through the small port c. The left 
end of the valve in chamber d is subject to the pressure of the 
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exhaust steam in the left end of the steam cylinder, so that the 
valve is held over to the left by the pressure exerted on a central 
portion of the piston in chamber a equal to the cross-sectional 
area of the spool because of the opposing pressure in the 
chamber 72. 

With the valve in this position, steam passes to the cylinder 
through the ports f and g and the steam in the other end exhausts 
through the port /: and a cavity in the valve to the main exhaust 
port. The ports i and 7 supply the exhaust steam to the left 
end of the valve. 


47, The piston as it nears the end of its stroke, as shown 
by the dotted-line position, Fig. 36 (a), opens port j and live 
steam passes to chamber d. Any steam that now leaks through 
the small port & cannot develop a pressure in chamber J because 
it is connected to the atmosphere. Hence the pressure on the 
piston in chamber d, combined with the pressure in chamber a, 
exceeds that exerted on the piston in chamber a, with the result 
that the valve moves to the right. 

After the valve completes its movement, Fig. 36 (b), cham- 
bers a.and w fill with exhaust steam and the escape of steam 
from chamber / is checked. The valve is then held to the right 
by the pressure on an area of the piston in chamber d equal to 
the cross-sectional area of the body of the valve. Briefly stum- 
marized, the reason for the reversal of the valve is that the steam, 
when it is first admitted to either chamber a or /, escapes to the 
exhaust until the valve has made the greater part of its stroke. 


48. The by-pass grooves 0, Fig. 36 (a), serve to cushion 
the valve as it nears each end of its stroke. The ports 4 and 
ate principally exhaust ports; the fact that these ports are cut 
off before the end of the stroke also causes the piston to be 
cushioned. The ports ¢ aud f supply the greater part of the 
steam to the cylinder and all of it at the beginning of the stroke. 

When there is no mechanical connection between the valve 
and the piston, precaution must be taken to prevent the valve 
from stopping central on its seat, in which event steam would 
be admitted to both ends of the cylinder. To insure positive 
valve movement, this type of valve is given q% inch lead and the 
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left chamber d is made of a larger diameter than the right, so 
that one end of the valve is larger than the other. Therefore, 
if the valve stops in the center and live steam is admitted to 
each end of the valve, it will be moved to the right on account 
of this difference in area. 


COFFIN FEEDWATER HEATING EQUIPMENT 


49. General Arrangement.—The general arrangement of 
the Coffin feedwater heating equipment is shown in Fig. 37. It 
comprises a centrifugal pump, a main heater, and an auxiliary 
heater in the tank. ‘The pump is a high-pressure one, and it 
forces the water which flows into it by gravity, through the pipe 
15 into the heater, and thence through the pipe 24 to the boiler, 
The exhaust steam from the cylinders enters the heater through 
the pipe 30 and the condensate and excess exhaust steam is 
returned through the pipe 17 to the auxiliary heater in the tender. 
Here the condensate is mixed with the water and heats it as it 
passes under the heater to the pump; hence the water in the 
tender is not heated, whereas the water in its passage to the 
hoiler is heated twice. 


50. Heater——An exterior view of the heater is given in 
Fig, 38 and a sectional view is shown in Fig. 39. The heater, 
which is of the closed type, is placed either in front of the smoke- 
hox or is built into it as in Fig, 37, in which position it does not 
interfere with any smokebox work or the removal of the flues. 

The heater is semi-circular in shape, which permits of the 
maximum length of heater pipes and also provides for expansion 
without the use of expansion joints. It consists of the casing a, 
Fig. 39, two heads 0, two tube-sheets c, about one hundred and 
twenty copper tubes, depending on the size of the heater, 
arranged in five groups, with an inside diameter of about 4 inch, 
expanded into the tnbe-sheets by a roller, handhole covers d, a 
baffle e, two tube locks f, and two tube spacers g. The heater 
heads are of forged steel and are so designed that the feedwater 
passes through five groups of tubes, each group or pass having 
tubes approximately 10 feet in length, thus making a total water 
travel within the heater of about 50 feet. This is shown in the 
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diagrammatic view in Fig. 40, where the heater is shown flat- 
tened out to show better the routing of the water. 

The exhaust steam enters the steam passage of the heater at 
the bottom at @ and flows to the top, where it is admitted to the 
distribution space between the steam passage and the perforated 
baffle, through which it flows to the tube space of the heater. 


The water enters the heater at b and leaves it at ¢, the passage of 
the water being shown by the arrows. The first water group 
is farthest from the steam inlet and the water flows progressively 
toward the front, while the exhaust steam flows toward the rear. 
This insures that the hottest water is passing through the. tubes 
surrounded by the hottest steam. The 14-inch open vent'pipe 29, 
Fig. 37, which extends from the top of the heater, ahead. of the 
stack, is to insure a positive circulation of the exhaust steam 
toward the rear of the heater, and prevent the formation of air 
pockets in the steam space of the heater. The condensate flows 
-by gravity down the outside v the tubes to the condensate 
connections h, Pig 3, and d, ig. 40, on each side of the heater, 
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and thence back to the auxiliary heater. These connections are 
also designated by the same letters in Fig. 38, except that the 
condensate connections cannot be seen. 


51. Control Valve.—The control valve serves as a throttle 
valve for the pump, that is, by means of it the pump can be run 
at a speed that will maintain the desired water level in the boiler. 
Tn addition, it will operate automatically and limit the supply 
of steam to the pump to a limited amount in the event of any 
interruption to the water supply, such as low water in the tender, 
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tank valve closed or strainer plugged. It is only when the con- 
trol valve is not operating that the governor will cut in and stop 
the pump. 


52, Three sectional views of the control valve are shown 
in Fig. 41 with the various pipe connections indicated. Turn- 
ing the hand wheel toward open position moves the end of the 
spindle away from the disk @ and permits steam to flow to the 
pump through the starting port 6 drilled in the side of the disk. 
The pump now starts rotating and a pressure builds up in the 
water end of the valve, which moves the water piston c, the 
piston rod d, and the steam piston e¢ to the right and causes the 

‘disk to unseat. As soon as the discharge pressure, indicated by 
the black hand of the duplex gauge, exceeds the pump steam 
pressure, indicated by the other hand, which is red, the disk 
will continue to open, after which both hands will go up together 
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to operating pressures. With a boiler pressure of 200 pounds, 
the red hand will indicate about 185 pounds pressure, and the 
black hand about 260 pounds water pressure. Any decrease in 
the steam pressure will automatically cause a decrease in the 
water pressure and the disk will move nearer to its seat. With 
the water supply interrupted the discharge pressure will drop, 
the steam pressure on the disk will then move the pistons ¢ and ¢ 
to the left and seat, thereby limiting the steam supply to the pump 
to the capacity of the starting port. 


53. Vent Check.—The purpose of the vent check 17, Fig. 
37, located at the top of the feed-line branch is to prevent the 
pump from becoming air- or steam-bound when not in operation ; 
also, it insures that the pump is primed at all times. ; 


54. Relief Valve—The purpose of the relief valve 27, Fig. 
37, in the pump discharge line between the line check and the 
heater is to protect the system from excess pressure in case the 
pump is started with the boiler check closed. 


55. Pump.—A perspective view of the Coffin feedwater 
pump is shown in Fig. 42, and a sectional view in Fig. 43. The 
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water end of this pump is of the turbine type already explained. 
The shaft @ with the impeller b on one end and the steam tur- 
bine or bucket wheel ¢ on the other end is carried on ball bear- 
ings, supported by the bearing casing d provided with a mount- 
ing base; the bearing cap e¢ holds the outer races of the ball 
bearings in their proper position. The casing also serves as a 
reservoir for oil. Any steam that may leak into the casing is 
discharged through the vent f. A pump casing g, which is bolted 
to the bearing casing, surrounds the impeller, and a suction 
head h, which closes the end of the pump casing, makes a joint 
with the pump suction pipe. Inlet vanes in the head serve to 
screen the water. The diffusion ring A’, which is used with the 
turbine type of pump, is secured to the pump casing and a water- 
tight joint between the suction head and the diffusion ring is made 
by the copper-wire gasket 7. The water 
enters the open mouth of the impeller, 
and being caught by the rapidly moving 
impeller vanes is discharged at a high 
velocity to the passages in the diffusion 
ring, where it is changed gradually into 
pressure. The space j surrounds the 
diffusion ring and is filled with water 
under pressure that is discharged 
through the flanged connection k into 

Big. 44 the heater and thence to the boiler, The 
wearing ring / prevents the entry of water into the pump casing 
except into the mouth of the impeller; any water that may pass 
the wearing ring m leaks out to the atmosphere at #. The pack- 
ing o prevents the entry of any water into the bearing casing. 
Access to this packing is obtained through the pump packing 
box p. Any water that accumulates in this box is drained out 
through the drain. 


56. The bucket wheel is surrounded by.a casing that is 
provided with a cover. The wheel has two circles of blades or 
buckets inserted in the circumference of the wheel. Steam first 
passes through the control valve in the cab and then passes 
through the strainer and the open governor valve 7, Fig, 43, to 


on 


HEATING EQUIPMENTS 5 


the steam nozzle s. The nozzle performs the same function as 
the steam nozzle in an injector, that is, it is so shaped as to 
expand progressively, the steam thereby lowering its pressure 
and hence increasing its velocity. The action of the steam jet 
on the wheel can be more readily understood from Fig. 44. After 
leaving the nozzle a the steam impinges at an angle against the 
first circle of buckets 6, causing the wheel to turn in the direc- 
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tion of the arrow. On leaving this circle of buckets, the flow of 
steam is changed in direction; to make further use of it, the 
direction of the flow is changed to a more acute angle by the 
stator or stationary blade c, attached to the housing, which 
directs the flow of steam to the second circle of buckets d. The 
steam then discharges to the exhaust through the opening #, 
Fig. 43. 

Impellers that take water from one side only are known as 
the single-suction type. The partial vacuum formed in the 
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suction end has a tendency to cause the shaft to move laterally 
in that direction. The ball bearings are arranged to resist lateral 
movement. With double impellers, the shaft is balanced and 
any tendency for lateral movement does not exist, 


57. Governor.—The governor used with the Coffin pump 
is not a governor in the usually accepted sense; this function is 
performed by the control valve. In the event of the failure of 
the control valve to regulate the speed of the pump, the governor 
operates and stops the pump, so that the governor may be con- 
sidered as a tripping device, and as it does not reset automat- 
ically, it must be reset by hand. 

The governor arrangement, Fig. 45, comprises the governor 
body a on the main shaft, two governor weights 6, a governor 
spring sleeve ¢ that encloses a spring, and a governor spring 

follower d that acts as a base 
for the spring when it is com- 
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excessive speed, the weights 
move out as shown in the dia- 
gram in Fig. 46, so that the lip 
of the weight b pushes against the spring sleeve and compresses 
the spring, thereby bringing the collar on the sleeve into contact 
with the trip trigger e, Fig. 45, This action disengages the 
point f of the trip lever screw from its seat in the trip trigger; 
the trip spring then pulls the trip rod as well as the trip valve g 
down to its seat h, thereby shutting off the passage of steam to 
the pump. 

To open the valve again, which is known as resetting the 
governor, the control valve must he closed tight and after wait- 
ing for about 1 minute to permit the steam on the trip valve 
to reduce in pressure by condensation, the resetting wheel # is 
turned clockwise. This lifts.the trip valve off its seat against 
the tension of the trip spring and pulls the trip lever up until 
the end of the screw f again snaps into its seat on the trip trigger. 

The resetting wheel is placed on the inside of the pump so as 
to lessen the liability of its being tampered with. 
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OPERATING INSTRUCTIONS 


58. Starting Pump.—Before starting the pump when desir- 
ing to feed the boiler, be sure that the tank valve, the turret 
valve, and boiler check are wide open. Then open the control 
valve and observe the movement of the hands on the duplex 
gauge. The red hand should rise slowly 25 or 50 pounds, after 
which the black hand should rise to the same point. Both hands . 
should then rise to the operating pressure, which will be about 
185 pounds on the red hand and 260 pounds on the black hand 
for a boiler pressure of 200 pounds. Regulate the water supply 
by using the control valve only. When not feeding the boiler, 
idle the pump with 15 or 20 pounds on the red hand of the gauge. 


59. Operating Pump On the Road.—After starting the 
pump at the beginning of a run it is sometimes not advisable 
to shut it off entirely until the completion of the trip. In such 
an event, close the control valve until 15 or 20 pounds is indi- 
cated by the red hand of the gauge. This keeps the pump turn- 
ing over slowly and ready to go to work instantly. There is no 
danger of flooding the boiler by this procedure, as no water 
passes to the boiler until the black hand rises above boiler 
pressure, 


60, Resetting Pump Governor.—To reset the pump gover- 
nor, close the control valve tight and, after waiting about one 
minute, turn the resetting wheel near the pump steam chest 
clockwise by hand only to the end of its travel, or about one- 
half turn, then release it. A spring will then return the reset- 
ting wheel to its original position. If the wheel can then be 
turned easily, the pump is reset. If the pump cannot he reset 
by hand, the control valve is leaking and must be ground in. 
Under no circumstances should the trip mechanism be blocked 
or tied open or adjustments made at engine houses. 


61. Protecting System From Freezing.—To protect the 
system from freezing, open the warming valve in the cab and 
also at the front end. Draining the system is not necessary 
unless the engine is stored, or dead, provided both warming 
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valves are left open. Idle the pump with 15 to 20 pounds on 
the red hand of the duplex gauge. 


62. Pump Fails.—If the pump fails on the road, open the 
condensate drain valve and close the turret steam valve to the 
pump. Leave the condensate drain valve open or the water in 
the tank will heat. If the pump becomes noisy, report it at 
once, as the pump must be changed. 


DISORDERS 


63. Red Hand Approaches Boiler Pressure But Black Hand 
Does Not Rise to Working Pressure.—This condition is caused 
either by the pump being tripped or by the steam strainer in the 
pump steam chest being plugged. 


64. Both Gauge Hands Rise to 25 or 30 Pounds Only.—If 
both gauge hands rise to 25 or 30 pounds and will go no farther, 
the water connection to the control valve is frozen, the control 
valve pistons are stuck or the tank valve is closed, 


65. Red Hand Rises to 25 or 30 Pounds and Black Hand 
Remains at Zero.—This condition is caused by steam leaking 
by the disk in the control valve. 


66. Relief Valve in Discharge Line Opens.—If the relief 
valve opens in the discharge line, the boiler check is closed, the 
discharge line or heater tubes are obstructed or the relief valve 
is out of adjustment. 


67. Tank Water Heats—The tank water heating may be 
caused by the condensate cock being kept closed with the pump 
not in use, also boiler and line checks may leak. 


68. Pump Will Not Supply Boiler—VF¥irst make sure that 
the tank valve, pump turret valve, and boiler check are wide 
open, also that the pump steam strainer, suction strainer, and 
control valve are clean. Then open the control valve wide and 
if the pump delivery pressure does not rise to within 20 pounds 
above boiler pressure, the tubes of the main heater may be 
obstructed or leaking. The pump should be replaced if the 
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discharge line and the tubes of the heater are tight and free from 
obstructions, 


69. Causes for Pump Stopping.—If{ the pump stops, either 
the water supply has failed or the pump has tripped, in which 
event the black hand will drop immediately to zero, In case 
of a pump failure, open the condensate drain and close the turret 


valve, 
EXHAUST-STEAM INJECTORS 


WATER-FORCING APPARATUS COMPARED 


70. The reciprocating pump, the centrifugal pump, and the 
injector are heat-operated devices used to put water under pres- 
sure. The term heat as here used does not refer to the familiar 
sensation of heat; instead, it refers to the incessant inovement of 
the minute particles of which all bodies are composed. Steam 
consists of particles of water in intense vibration, thrown oft 
from heated water, and when confined these particles exert a 
pressure on the walls of the confining vessel. By means of 
proper apparatus, heat can he used to do work and, although 
pressure is commonly associated with the performance of work, 
yet it should not he overlooked that heat is the real agent, pres- 
sure being merely the result of heat. 

The appliances already referred to are designed to change 
heat into work, but the manner in which this is done varies 
somewhat with each one. With the ordinary type of water 
pump, the development of pressure is accomplished by steam 
pressure that is transmitted through the medium of pistons to 
the water. With a centrifugal pump the action is different; the 
water is given a high velocity but very little pressure by the 
impeller; the pressure is developed by directing the fast-moving 
water thrown off by the impeller against the slow-moving water 
in the discharge pipe. The action of an injector does not differ 
greatly from that of a centrifugal pump. However, instead of 
steam being used to give velocity to the water through the 
medium of a rapidly rotating impeller, velocity is imparted to the 
water by permitting the steam to mingle with it, thus dispensing 
with the employment of any intermediate mechanism such as the 
pistons of a reciprocating pump or the turbine wheel and the 
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impeller of a centrifugal pump. In other words, the transforma- 
tion of heat into the performance of work is accomplished with 
an injector without the introduction of a single moving part. 


71. With an injector, steam is caused to expand gradually 
in its passage through the steam nozzle and in so doing it has its 
normal velocity increased by about four times. Such an action 
can only be obtained at the expense of heat, this term meaning 
the intense movement in every direction, or the vibration of the 
steam particles. The steam then discharges from the nozzle at 
an extremely high velocity but at a comparatively low tempera- 
ture, and hence at a low pressure. When the fast-moving but 
low-pressure steam is brought into contact with and condenses 
with the water, a large portion of the velocity of the steam will 
be imparted to the water, the result then being a jet of water 
moving at a high velocity and at a low lateral pressure. From 
now on, the action of an injector does not differ from that of a 
centrifugal pump. By directing the fast-moving jet against the 
comparatively slow-moving body of water in the discharge pipe, 
the shape of the nozzle next to this pipe being such as to accom- 
plish a gradual lowering of the velocity, the water in the dis- 
charge pipe immediately increases in pressure to such an extent 
as to open the boiler check-valve and enter the boiler. The 
column of water in the discharge pipe may be compared to an 
anvil that is being incessantly bombarded by particles of water 
moving at a high velocity. 


PRINCIPLE OF OPERATION 


72. The operation of an exhaust-steam injector is based on 
the fact not always recognized that there is practically no differ- 
ence hetween the velocity of low-pressure steam and lugh-pres- 
sure steam when discharging through an orifice of the same size, 
Algo, the number of heat units, heat being the agent that causes 
an injector to force the water, does not vary widely with high- 
and low-pressure steam. 

With two boilers, one under a pressure of 100 pounds to the 
square inch and the other under a pressure of 200 pounds, and 
with an orifice of the same size in each, the velocity of the dis- 
charge from both is almost the same. 
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However, there is this difference: about double the quantity 
of steam, by weight, discharges from the high-pressure boiler 
because the steam in this boiler is about twice as dense ag the 
steam in the other one. For the same weight of steam to dis- 
charge from the low-pressure boiler, its orifice must be made 
ahout twice the size of the one in the high-pressure boiler. Now 
the velocity that steam imparts to water depends on the weight 
of the steam and its velocity, so that by using low-pressure steam 
and providing the injector with a large nozzle, practically the 
same velocity can be imparted to a jet of water as with a high 
steam pressure and a small nozzle. 


73. In practice an exhaust-steam injector, or an exhaust 
feedwater heater, as it is sometimes called, does not operate 
exclusively with exhaust steam when the locomotive is in oper- 
ation. In addition, a supplementary jet of live steam is used 
to fill in the intervals between the exhausts, thereby insuring 
more uniform operation. It will be convenient to regard the 
supplementary jet of live steam as being mostly concerned with 
imparting the required velocity to the water, and the exhaust 
steam as a medium to heat the water. As already pointed out, 
the amount of steam used to force the water is very small in 
comparison with that required to heat it, so that the drain on the 
boiler is insignificant when the water is heated by exhaust steam. 
When regarded in this sense, the exhaust-steam injector is 4 
feedwater heating device, which provides the same economies 
as the equipment already considered. 


74, The exhaust-steam injector is almost as old as the live- 
steam injector, which was introduced in 1859. The first record 
of the patenting of an exhaust-steam injector was in 1867. It 
has, along with feedwater heating equipment, come into promi- 
nence in recent years owing to the fact that the size of boilers 
is approaching the maximum, thus rendering it imperative to 
economize as far as possible on the use of steam for steam-driven 
appliances on the locomotive, and making more of it available 
for the movement of trains. Any saving of steam is of course 
equivalent to an increase in the steam-generating capacity of 
the boiler without increasing its size. 
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ELESCO-SFX EXHAUST-STEAM INJECTOR 

75. Description.-The arrangement of the Elesco SFX. 
type exhaust-steam injector on the locomotive is shown in Fig, 47 
and a diagrammatic view of the injector with the valves and the 
piping required for its operation is shown in Fig. 48. The 
injector body, which is made in two parts which contain a spring. 
loaded exhaust valve a, a supplementary nozzle 6, a main steam 
nozzle ¢, which can be moved lengthwise by the water regula- 
tor d, a draft nozzle e, a vacuum nozzle f, a combining nozzle g 
supplied with a hinged flap A and a delivery nozzle i. The 
injector body is provided with a water valve j and an overflow 
valve k, the same as a live-steam injector, Exterior to the 
injector is a relay valve J, a relay piston m, an automatic valve x 
and a change-over diaphragm 0. This diaphragm is held up by 
exhaust steam from the pipe p; with the diaphragm up, the pin | 
valve q closes the end of pipe 7. 


76. This injector differs essentially from a live-steam injec- 
tor in that it may be considered as having two combining nozzles, 
namely, the draft nozzle and the vacuum nozzle, which together 
form one combining nozzle, and the combining nozzle proper. 
The main steam nozzle performs the same function as the steam | 
nozzle of the ordinary injector, but it must have a greater cross-' 
sectional area because, with low-pressure steam, the nozzle, as 
already pointed out, must be made larger in order to deliver the | 
required weight of steam. The separation of the draft nozzle. 
and the vacuum nozzle is an exclusive feature of this type of _ 
itijector and serves a highly important function, as the opening | 
between these nozzles serves to reintroduce the low-pressure | 
steam to the water and so increases its velocity. Were it not 
for constructional difficulties, the vacuum nozzle and the com- 
bining nozzle just ahead of it could be made equally as well in | 
one part. The delivery nozzle serves the same purpose as with L 
the ordinary injector. 

77. Exhaust-Steam Operation ——When operating with | 
exhaust steam (see Fig. 49), the large. pipe that is. connect 
to the exhaust pasoapes in. the cylinders as well as the ae 
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chamber in the injector is filled with exhaust steam at a pressure 
that is dependent on the cut-off at which the locomotive is being 
operated. This steam flows through the main steam nozzle, the 
front portion of which gradually widens, although this is not 
apparent in the illustration. Such a construction causes a grad- 
ual expansion of the steam, which in turn results in a lowering 
of its temperature and pressure, and a great increase in its 
velocity, the velocity of the discharge being about 2,600 feet per 
second. At the outlet of the nozzle, the steam mingles with the 
feedwater in the draft nozzle and condenses, this latter action 
also continuing in the vacuum nozzle, and not only imparts 
velocity to the water in these nozzles but heats it as well. 

The heating and the imparting of velocity to the water are also 
assisted by the jet of steam that is discharging from the supple- 
mentary steam nozzle at a velocity of about 3,050 feet per second. 


78. When steain is condensed a vacuum is created, so that 
the condensation of the steam which begins in the draft nozzle 
and continues in the vacuum nozzle results in the formation of 
a partial vacuum in these nozzles. The exhaust steam sur- 
rounding these nozzles is much higher in pressure, so it pours 
into the vactwm nozzle through the annular space between it 
and the draft nozzle at a velocity of about 2,400 feet per second. 
The introduction of exhaust steam to the water a second time 
not only heats the water further but also increases its velocity. 
In order for this latter jet of exhaust steam to combine as much 
as possible with the already heated water, a combining tube is 
placed ahead of the vacuum nozzle. This tube tapers toward 
the outlet because the amount of steam that is to be condensed 
lessens as the water moves forwards. The jet of water dis- 
charges from the combining nozzle into the delivery nozzle at a 
velocity of about 100 feet per second. Here the velocity of the 
jet, owing to the gradual enlargement of the bore of the delivery 
nozzle, is progressively reduced so that on impact with the slow- 
moving water in the discharge pipe violent swirls and eddies 
will not occur and impair the efficiency of the injector. Finally, 
the pressure of the water in the delivery pipe, owing to the 
incessant hammering action of the high velocity jet on the column 
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of water at the rear, will increase to such an extent that the boiler 
check will be forced open. The temperature of the delivered 
water will vary from 160° to 235° F, 

The end of the main steam nozzle is placed nearer to the feed- 
water than the tip of the supplementary nozzle, so that the 
exhaust steam will have the first opportunity to heat and impart 
velocity to the water. The action of the supplementary jet may 
be taken as being mainly concerned with imparting velocity to 
the already heated water, that later will be changed into pressure. 
Flence, the live-steam jet may be considered as forcing the water, 
and the exhaust steam as heating the water. 


79. The injector, Fig. 48, is started by opening the starting 
valve; steam then passes through the pipe shown to the supple- 
inentary nozzle and to the water valve, keeping it unseated. 
Also, live steam passes through pipe s to the exhaust-valve 
piston # and thus keeps the exhaust valve open. When the 
injector is being started, the water, prior to the formation of 
the jet, discharges through the combining-nozzle flap and thence 
to the ground by way of the overflow valve. The overflow 
valve is closed by the pressure in the discharge pipe on the over- 
flaw-valye piston as soon as the injector starts. The quantity 
of water delivered can he regulated by moving the main steam 
nozzle either farther into or out of the draft nozzle by means 
of the water regulator, thus decreasing or increasing the water 
supplied to this nozzle. With boiler pressures between 150 and 
200 pounds, the injector will work properly with the water 
regulator one-half to three-quarters open and the black hand of 
the gauge will then show from 4 to 6 pounds. With any pres- 
sure, if the water regulator can be adjusted to work the injector 
without any spill at the overflow and with the red hand of the 
gauge approximately at zero, the injector may be assumed to be 
working satisfactorily. 


80. Live-Steam Operation—When operating with live 
steam the body of the injector fills with live steam at a pressure 
of about 6 pounds per square inch, this reduction in pressure 
being accomplished by passing the steam through a small choke v 
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exterior to the automatic vaive 1, Fig. 50. The operation of the 
injector with the low-pressure live steam and the supplementary 
jet of steam is the same as already described. During live- 
steam operation the exhaust valve is held closed by its spring, 
thereby preventing the escape of the steam to the stack. 


81. Operation of Change-Over Parts.—The function of 
the change-over parts is to cause the injector to change auto- 
matically from exhaust-steam operation to live-steam operation 
or the reverse without any action on the part of the engineman. 
Thus, when the supply of exhaust steam is shut off by closing 
the throttle, the injector changes over to live-steam operation ; 
when the throttle is opened the injector changes back to exhaust~- 
steam operation again. The change-over parts comprise the 
relay valve ?, Fig. 49, the relay piston m, ati automatic valve 7 
and a change-over diaphragm o. The purpose af the relay piston 
and valve is to admit steam to and exhaust steam from the front 
of the exhaust-valve piston ¢. 

Let it be assumed that the engine is drifting with the throttle 
closed and that the injector is working. The steam that is pass- 
ing through the starting-valve pipe to the supplementary nozzle 
also passes up through the passage shown and enters the chamber 
below the relay piston through the small port +, Fig. 50; also, 
steam passes to the chamber above this piston. The lower face of 
the piston has more area exposed to the steam than the upper face 
and the piston would be forced upwards were it not for the fact 
that the steam beneath the piston is passing out through a small 
cireuJar port, here shown surrounded by dash lines to pipe 7, 
thence by the unseated pin valve to pipe w and to the injector 
body. The relay piston then remains down. There is now no 
pressure in pipe s and on top of the automatic valve n, which is 
accordingly lifted hy the steam that enters through the small 
auxiliary choke v. Steam then passes through this choke to the 
injector at a pressure of about 6 pounds. At this time the 
exhaust valve is held closed by its spring, as there is no pressure 
in pipe s, so the escape of steam from the injector to the stack 
is prevented. ‘The injector then operates with low-pressure live 
steam. The supplementary live-steam jet could at this time be 
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dispensed with but it is more convenient to use it than to arrange 
for its elimination. 


82. Let it be assumed next that the throttle is opened. As 
soon as this is done, the exhaust steam that enters pipe p, Fig. 49, 
from the cylinders forces the change-over diaphragm upwards 
and seats the pin valve g. The steam under the relay piston that 
heretofore was escaping through the pipes r and w to the injector 
is now trapped in pipe 7 Hence the relay piston is forced 
upwards against the pressure above it, and the relay valve / is 
unseated and at the same time closes the end of pipe uw. The 
steam from the starting-valve pipe then flows through passage y, 
by the unseated relay valve / to passage g and to pipe s and acts 
against the exhaust valve piston f, thus opening the exhaust 
valve. Also, the steam flows from passage g to the top of the 
automatic valve » and holds it to its seat. 

With the exhaust valve held open, the injector operates with 
exhaust steam supplemented by the live steam that is passing 
through the supplementary nozzle. 

If the throttle is now closed, the relay piston will immediately 
move down owing to the reduction beneath it in the steam pres- 
sure. The steam that was holding the exhaust valve open now 
escapes through pipe w; in fact, the sound of the exhaust from 
this pipe is taken as an outward indication of the change-over. 

The change-over from live-steam to exhaust steam and the 
reverse is then brought about by unbalancing the relay piston. 


DUPLEX CAB GAUGE 


83. The purpose of the duplex cah gauge is to assist the 
engineman in the operation of the injector. It not only removes 
the necessity of his watching the overflow but indicates to him 
the proper setting of the water regulator for the most efficient 
and economical boiler feeding. 

The gauge face shows a vacuum field below the zero mark and 
a pressure field above, also a red section in the pressure field. 
When the gauge hands are properly adjusted, both the red and 
the black hands will stand at zero with the injector not working. 
The red hand indicates conditions existing in the combining 
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nozzle chamber and, for most efficient and economical boiler 
feeding, the hand should indicate in the vacuum field, or helow 
zero, When the red hand enters the red section, it indicates that 
the overflow valve is about to apen with a consequent Joss of 
water and removes the necessity for the engineman to watch the 
overflow. The black hand indicates the pressure that is operat- 
ing the injector either with exhaust or with live steam and when 
working with live steam indicates to the engineman the approxi- 
mate setting of the water regulator. 


84. When the starting valve is first opened, and while the 
injector is priming, the black hand will drop back in the vacuum 
field and at the same time the red hand will go up in the pressure 
field. Immediately as the injector goes to work, the black hand 
will move up in the pressure field and the red hand will drop 
back quickly in the direction of the vacuum field. If the red 
hand stops at zero or below, no adjustment of the water regulator 
is required. If it stops in the vicinity of the red section, the 
position of the black hand will indicate whether the water should 
he increased or decreased. 

When the engine is working, the injector then operating with 
exhaust steam, a uniform water level will he maintained if the 
water regulator is adjusted to keep the red hand at zero or 
below. Any pronounced change in the working of the engine 
will increase or decrease the steam and water consumption and 
will be reflected in the exhaust pressure as shown by the black 
hand, and a like change will be required in the water regulator 
in order to keep the red hand below the red section and the 
injector working properly. 


85. By watching the position of the black hand on the cab 
gauge, it can be determined whether or not the injector is working 
with exhaust steam. Jf the gauge hand fluctuates as the cut-off 
and speed are increased or decreased, it indicates exhaust-steam 
pressure and that the injector is working with exhaust steam. 
Tf the hand remains stationary at approximately 6 pounds pres- 
sure, which does not change by increasing or decreasing the 
cut-off, it indicates live-steam pressure and that the injector is 
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working with live steam. Also, when the change-over from 
exhaust-steam to live-steam operation occurs upon closing the 
throttle, the relay release can be heard distinctly in the engine 
cab. When the change-over from live steam to exhaust steam 
occurs, a slight puff of steam will be visible at the relay valve 
release but cannot be heard in the cab. 

The duplex cab gauge is of delicate construction and both 
the red and the black hands are required to indicate correctly 
with extremely low pressures. In order to maintain the gauge 
in operation, it must he protected from violent fluctuation of the 
hands and from steam entering the tubes. Special chokes located 
in the pipe lines near the gauge prevent violent fluctuations, and 
the four coils in the gauge piping provide a long water seal and 
thus prevent steam from entering the tubes, 


SELLERS EXHAUST FEEDWATER HEATING EQUIPMENT 


DESCRIPTION AND OPERATION 


86. General Description—-The Sellers exhaust feedwater 
heating equipment is a system designed for feeding locomotive 
boilers very hot water. Exhaust steam from the locomotive 
cylinders is utilized to heat the feedwater which is delivered to 
the boiler at a temperature of from 250 to 300° Fahrenheit. 
The heater is made up of two injectors in one casting, one injec- 
tor heing operated by exhaust steam and the other by live steam. 
The exhaust-steam or heating injector is operated by exhaust 
steam at a pressure of about 6 pounds and delivers hot water 
under a pressure of from 15 to 50 pounds to the live-steam injec- 
tor; by this method the exhaust steam is used to heat the water 
and the live steam, only a small quantity being required, is used 
to force the water into the boiler, However, since forcing the 
water requires condensation of steam, the water must also he 
heated by the forcing jet. In the absence of exhaust steam the 
heating injector is operated by live steam at the same pressure 
as the exhaust steam, 

87, The general arrangement of the Sellers exhaust feed- 
water heating equipment with the parts sectioned is shown in 
Fig. 51 and comprises an exhaust feedwater heater with its con- 
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trol apparatus, an exhaust regulating vaive, a retarding valve, 
and the necessary piping to make the connection between the 
parts. 

The exhaust-steam supply for the heater should be taken from 
the base of the locomotive exhaust-nozzle casting, which should 
be provided with a fixed deflector to deflect a part of the flow 
into the supply pipe to the heater. A connection at this point has 
the feature of receiving all four exhausts from the locomotive 
cylinders, and this is particularly advantageous on a short cut- 
off and a light throttle. Where this arrangement is impossible, 
a cast-steel Y connecting the rear exhaust chambers of both 
cylinders may be used. 


88. Operation—When the engine is under load, the heater 
is started by opening wide the cab-stand water handle, next pull- 
ing open the cab-stand exhaust lever until the indicator gauge 
reads about 20 inches of vacuum, and finally pulling open wide 
the steam starting valve handle. 

The exhaust lever opens the exhaust-steaim valve in the 
exhaust-steam nozzle; the exhaust steam that enters from the 
large supply pipe then condenses with the water, with the result 
that a jet of water is delivered to the live-steam forcing tubes, 
shown at the right. Live steam from the steam starting valve 
enters the heater at the point shown and, discharging through 
the live-steam nozzle, causes the water to be forced into the 
boiler. The steam starting valve is also piped to the exhaust 
regulating valve, but the steam in this pipe is not used until the 
steani-chest pressure falls below 120 pounds. When this hap- 
pens, the equipment changes over from exhaust-steam to live- 
steam operation. The steam in the pipe connecting the starting 
valve to the exhaust regulating valve then passes into the large 
supply pipe and replaces the exhaust steam in the exhaust-steam 
heating tubes of the heater. 

When the engine is standing or drifting, the procedure in 
starting the heater is somewhat different from that just given, 
After opening the water valve, the steam starting valve is first 
pulled open one-third way; next, the cab-stand exhaust lever is 
pulled open until the indicator gauge records about 20 inches 
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of vacuum ; finally the steam starting valve handle is pulled open 
wide, 


89. Exhaust Feedwater Heater.—A perspective view of 
the type BF exhaust feedwater heater is shown in Fig. 52 and a 
sectional view in Fig. 53. The operation of the device does not 
differ from that of the ordinary injector, so that a detailed 


description is unnecessary. Pulling back the cab-stand exhaust 
lever draws the exhaust-steam valve a away from its seat on the 
steam nozzle, thereby permitting the exhaust steam to mingle 
with the water in the combining tube, the water entering by 
way of the water valve b. Until the steam condenses and the 
jet of water forms, the surplus water discharges through the 
slots in the combining tube c to the upper overflow valve d and 
thence through the lower overflow valve e to the ground, After 
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the formation of the jet, the overflow valves close, as the pressure 
in the combining tube is now less than that of the atmosphere, 
the water then flows through the delivery tube f from whence 


it passes under pressure to the forcing combining tube g. Here 
the water mects the steam that is passing from the starting valve 
through the forcing steam nozzle h, a jet of water forms, which, 
in passing through the forcing delivery tube, acquires sufficient 


72 


LOCOMOTIVE FEEDWATER 


o cet Atay rad 
RNa aa TU 
See Se 


ett “ 
Oi re 
; a 


I a; ree 
Sale 


(oo) (i 


Fic. 54 


HEATING EQUIPMENTS 73 


pressure to open the boiler check. Before the jet forms, 
the water passes out through the openings shown in the forcing 
combining tube and, unseating the final overflow valve i, escapes 
through the openings j to the ground. But when the line check & 
opens, the water passes down by the pilot valve 7 and through 
the passage m to the top of the valve 7 and seats it. The valve 
has a rubber disk that prevents the water that is holding it closed 
from entering the body of the injector. The final overflow 
valve must he held forcibly closed, as the chamber beneath is full 
of water under a pressure of 50 pounds. The passage n in the 
stem of the exhaust-steaim valve prevents the valve from flying 
open after being cracked, as the steam passes on top of the 
piston o and imposes a load on the valve.’ 


AUTOMATIC CHANGE-OVER OPERATION 


906. General Explanation—The equipment is caused to 
change automatically from exhaust-steam operation to live-steam 
operation or the reverse by the combined action of the retarding 
valve and the exhaust regulating valve. The retarding valve, 
which is attached to the steam-chest pipe, opens when the steam 
chest pressure is 120 pounds or over, and catises the exhaust 
regulating valve to supply the exhaust steam heating tubes of 
the heater with exhaust steam at a pressure of about 6 pounds. 
When the throttle is closed, the action of the retarding valve is 
such as to cause the exhaust regulating valve to supply the heat- 
ing tubes of the heater with live steam at the same pressure as 
the exhaust steam previously used. 


91. Operation With Exhaust Steam.—The exhaust regu- 
Jating valve admits and regulates the pressure of the exhaust 
steam to the heater to 6 pounds when the engine is operating, 
and automatically stibstitutes live steam of the same pressure for 
exhaust steam when the engine is standing or at any time when 
the steam-chest pressure falls below 120 pounds. The portion 
of the valve at the right, which includes a piston regulating 
valve a, Fig, 54, connected to and operating a hollow damper 
cylinder b filled with oil, and a stationary piston c, are the parts 
of the valve that operate when the heater is working with 
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exhaust steam. When the steam delivered from the cylinders 
to the supply pipe exceeds a pressure of 6 pounds, this pressure 
acting on the area d of the piston regulating valve will move it 
upwards to closed position, in which position the part ¢ of the 
valve cuts off the passage of steam; when the pressure decreases, 
the compression of the spring f on the cylinder will open the 
valve. Owing to the constant fluctuation in the pressure of the 
exhaust steam the valve is continually moving up and down, and 
the oil-filled cylinder is designed to prevent this action from 
occurring too quickly. When the cylinder moves up, some of 
the oil is forced by the piston, owing to its loose fit, to the upper 
end of the cylinder, and on the downward movement a portion 
of the oil is transferred to the bottom end of the cylinder, hence 
the movement of the parts is retarded. 


92. Operation With Live Steam.—The portion of the valve 
shown at the left, which comprises the closing piston g, Fig. 54, 
the live-steam valve h, and the live-steam choke i, are the parts 
of the exhaust regulating valve that cause the heater to operate 
wholly with live steam. During exhaust-steam operation the 
main valve 7 of the retarding valve is unseated as the steam- 
chest pressure exceeds the tension of its spring, or 120 pounds. 
The steam then passes through a drilled hole in the check-valve k 
and passes through a pipe that leads to the top of the closing 
piston in the exhaust regulating valve. 

The steam leaks down through the small port J in the closing 
piston and holds the live-steam valve seated against the pressure 
in chamber 7 and in the starting-valve pipe. When the pressure 
in the steam chest falls below 120 pounds, the main valve in the 
retarding valve seats and the steam in chambers and o as well 
as in the pipe to the retarding valve vents to the atmosphere 
at p. The steam in chamber m, acting on the somewhat greater 
upper area of the live-steam valve, then unseats it and the closing 
piston as well. Steam now passes through the passage gq and 
through the restricted ports 7 in the live-steam choke 7, which 
reduces the pressure to about 6 pounds, depending on its adjust- 
ment and thence to the steam heating tubes in the heater. Some 
of the steam continues down through passage s to the stem of the 
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piston regulating valve and forces it up, thereby closing the valve, 
and preventing the steam from passing back through the supply 
pipe to the exhaust passages in the stack. 


93. Condensation of Steam With Hot Water.—Steam con- 
denses back to water again at the same temperature that it boils 
and forms steam. Thus, if water boils at a temperature of 
212° F., the steam condenses and returns to water as soon as 
the temperature is lowered even the slightest degree. Now the 
temperature at which water boils increases as the pressure on 
the water becomes greater; for example, in an open vessel and 
hence under atmospheric pressure, water boils at 212° F., 
whereas under a pressure of 50 pounds, the temperature must be 
increased to about 297° F. before the steam particles will be 
thrown off. As already pointed out, the condensing tempera- 
ture of steam is the same as the boiling point, so that condensa- 
tion occurs at higher temperatures as the pressure of the water 
is increased. ; 


94. From the foregoing it follows that, if a jet of steam is 
directed into a body of water, the steam will hegin to condense 
when its temperature lowers to ahout the point at which the 
water itself would turn into steam. It is assumed, of course, 
that the temperature of the water is so low that the incoming 
steam coes not raise the water above the boiling point; if it did, 
the steam would not then condense. Thus, with high-tempera- 
ture steam discharging into water m an open vessel, conden- 
sation will start when the temperature of the steam reduces to 
212° FI, provided the temperature of the water is already such 
that the steam does not heat it to this temperature. Similarly, 
with water under a pressure of 50 pounds and at a sufficiently 
low temperature, the steam will start to condense at the tempera- 
ture that corresponds to the boiling point of water at this pres- 
sure, or at about 297° TF. Therefore, in order to have high- 
temperature steam condense with hot water it is merely neces- 
sary to have the water at a temperature somewhat less than that 
corresponding to its pressure. 


95. The foregoing condition is met with in injectors where 
water from one nozzle or set of nozzles is delivered to another 
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nozzle at a temperature less than the corresponding pressure. 
The foregoing explains why the live steam with the Sellers 
exhaust feedwater heater condenses with and forces into the 
boiler the already heated water that is delivered to the forcing 
tubes at a pressure of about 50 pounds and at a temperature of 


about 185° F, 


96. The application of the principle that steam will con- 
dense readily with hot water provided that the water is first 
placed under pressure without heating it too much, is not con- 
fined to exhaust-steam injectors alone; because all live-steam 
injectors are so arranged that the water is lifted, heated, and 
delivered under pressure by one nozzle to another, or to a forcing 
nozzle. This feature is particularly evident with the Hancock 
inspirator, with its lifting and forcing nozzles, as well as with 
the Sellers injector, with its somewhat different arrangement of 
lifting and forcing nozzles. Such an arrangement of nozzles 
causes the water to be delivered to the boiler at a higher tem- 
perature than otherwise, because with the water delivered to a 
forcing set of tubes under atmospheric pressure the temperature 
of the delivered water would always be less than 212° F. The 
ordinary injector, however, owing to its two-stage pressure 
atrangement, delivers water at minimum capacity at about 
260° F. 


LAWRENGE J. LUKENS 


